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(57) Abstract 

This invention is directed to methods, fctts and compositions pertaining to PNA Molecular Beacons. PNA Molecular Beaeotjs comprise 
self-complementaiy ann segments and flexible linkages which promote inuamolecular or intemiolecular interactions. la the absence of a 
target sequence, t^A Mdecular Beacons facilitate tsHldent energy transfer between die linlced donor and acceptor moieties of die probe. 
Upon hybridization of the piobe to a taiget sequence, there is s mcasuaUe diange in at least one property of at least one donor or acceptor 
moiety of the probe which can be used to detect, identic or <piantilate the target sequence in a sam^e. 
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Title Of The Invention: 



Methods, Kits And Compositions Pertaining To PNA Moleciilar Beacons 



1. Technical Field 

This invention is related to the field otprobe-based nucleic acid sequence detection, analysis 
and quantitation. More spedflcally, this invention relates to novel compositions and methods 
10 pertaining to PNA Molecular Beacons. 



2i Background Art 

Quenching of fluorescence signal can occur by either Fluorescence Resonance Energy Transfer 
"FRET" (also known as non-radiative energy transfer: See: Yaron et aL, Anulyticd Biochemistry 95: 
15 228-235 (1979) at p. 232, coL 1, Ins. 32-39) or by non-FRET interactions (also known as radiationless 

energy transfer; See: Yaron et al.. Analytical BioOiemisiry 95 at p. 229, coL 2, kis. 7-13). The critical 
distingviishing factor between FRET and non-FRET quenching is that non-FRET quenching requires 
short range interaction by "collision" or "contact" and therefore requires no spectral overlap between 
the moieties of the donor and acceptor pair (See: Yaron et al.. Analytical Biochemistry 95 at p. 229, 
20 col. 1, Ins. 22-42). Conversely, FRET quenching requires spectral overlap between the donor and 

acceptor moieties and the efficiency of quenching is directly proportional to the distance between the 
donor and acceptor moieties of the FRET pair (See:. Yaron et al.. Analytical Biochemistry 95 at p. 232, 
col. 1, In. 46 to col. 2, In. 29). Extensive reviews of ttie FRET phenomenon are described in Clegg, R.M., 
Methods Enzymol, 221: 353-388 (1992) and Selvin, P. R., Methods Enzymol, 246: 300-334 (1995). 
25 Yaron et al. also suggested that the principles described therein might be applied to the hydrolysis 
of oligonucleotides (See: Yaron et al.. Analytical Biochemistry 95 at p. 234, col. 2, Ins. 14-18). 

The FRET phenomenon has been utilized for the direct detection of nucleic add target 
sequences without the requirement that labeled nuddc add hybridization probes or primers be 
separated from the hybridization complex prior to detection (See livak et al. US 5,538,848). One 
30 method utilizing FRET to analyze Polymerase Chain Reaction (PCR) amplified nucleic acid in a 
closed tube format is commerdally available from Perkin Elmer. The TaqMan™ assay utilizes a 
nudeic add hybridization probe which is labeled with a fluorescent reporter and a quencher moiety 
in a configuration which results in quenching of fluorescence ki the intact probe. During the PCR 
ampHfication, the probe sequence specifically hybridizes to the amplified nucleic acid. When 
35 hybridized, the exonuclease activity of the Taq polymerase degrades the probe thereby eliminating 
the intranu>lecular quenching maintained by the intact probe. Because the probe is designed to 
hybridize specifixally to the amplified nudeic add, Qie increase in fluorescence intensity of die 
sample, caused by enzymatic degradation of the probe, can be correlated with the activity of the 
amplification process. 
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Nonetheless, this method preferably requires that eadi of the fluorophore and quencher 
moieties be located on the 3' and 5' termini of the probe so that the optimal signal to noise ratio is 
achieved (See: Nazarenko et al., Nucl Acids Res. 25: 2516-2521 (1997) at p. 2516, col. 2, Ins. 27-35). 
However, tiiis orientation necessarily results in less than optimal fluorescence quenching because the 
fluorophore and quencher moieties are separated in space and the transfer of energy is most efficient 
when they are dose. Consequently, the background emission from imhybridized probe can be quite 
high in the TaqMan™ assay (See: Nazarenko et al., Nucl. Acids Res. 25: at p. 2516, col. 2, Ins. 36-40). 

The nucleic add Molecular Beacon is"another construct which utilizes the ERET phenomenon 
to detect target nucleic acid sequences (See: Tyagi et al. Nature Biolechnologif, 14: 303-308 (1996). A 
nudeic add Molecukr Beacon comprises a probii\g sequmce embedded within two complementary arm 
sequences (See: Tjragi et al. Nature Biotechrwlogt/. U: at p. 303, coL 1, Ins. 22-30). To each tMmjni of 
the probing sequence is attached one of either a fluorophore or quencher moiety. In the absence of the 
nudeic add target, the aim sequences anneal to each other to thereby form a loop and hairpin stem 
structure which brings the fluorophore and quencher together (See: Tyagi et al.. Nature 
Biotechnology, 14: at p. 304, col. 2, Ins, 14-25). When contacted with target nucleic add, the 
complementaiy probing sequence and target sequence will hybridize. Because the hairpin stem caimot 
coexist with the rigid double helfac that is formed upon hybridization, the resulting conformational 
change forces the arm sequences apart and causes the fluorophore and quencher to be separated (See: 
Tyagi et aL Nature Biotechnology, 14: at p. 303, col. 2, Ins. 1-17). When the fluorophore aad quencher 
are separated, energy of the donor fluorophore does not transfer to the acceptor moiety and the 
fluorescent signal is then detectable. Since unhybridized "Molecular Beacons" are non-fluorescent, it 
is not necessary that any excess probe be removed from an assay. Consequently, Tyagi et aL state that 
Molecular Beacons can be used for the detection of target nudeic adds in a homogeneous assay and in 
living cells. (See: Tyagi et al.. Nature Biotechnology, 14: at p. 303, col. 2; Ins. 15-77). 
25 The arm sequences of the disdosed nucleic add Molecular Beacon constructs are tmrelatcd to 

ttie probing sequence (See: Tyagi et al.. Nature Biotechnology, 14; at p. 303, col. 1; In. 30). Because the 
Tyagi et aL Molecular Beacons comprise nudeic add molecules, proper stem formation and stability 
is dependent upon the length of the stem, the G:C content of the arm sequences, the concentration of 
salt in whidi it is dissolved and the presence or absence of magnesium in which flie probe is dissolved 
30 (See: lyagi et al.. Nature Biotedinology, 14: at p. 305, coL 1; lr\s. 1-16). Furthermore, the Tyagi et aL 
nucleic add Molecular Beacons are susceptible to degradation by endonudeases and exonudeases. 
Upon probe degradation, badcgroxmd fluorescent sigiial will increase since the donor and 
^ acceptor moieties are no longer held in dose proximity. Therefore, assays utilizing eiwjymes known to 
have nudease activity, will exhibit a continuous increase in background fluorescence as the nucleic 
35 acid Molecular Beacon is degraded (See: Figure 7 in Tyagi et aL the data associated with (O) and 

(□) demoristrates that flie fluorescent badcground, presumably caused by probe degradation, increases 
with each amplification cycle.) AdditionaUy, Molecular Beacons vdU.also, at least partially, be 
degraded in living cdls because cells contain active nuclease activity. 

The constructs described by Tyagi et al. are more broadly described in W095/13399 
40 (hereinafter referred to as "Tyagi2 et al." except that Tyagi2 et al. also discloses that the nucleic 
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acid Molecular Beacon may also be bhxioleculai wherein Gxey define binvolecular as being unitary 
probes of the invention comprising two molecules (e.g. oligonucleotides) wherein half, or roughly 
half, of the target complement sequence, one member of ttie affinity pair and one member of the label 
pair are present in each molecule (See: Tyagi2 et aL, p. 8, In. 25 .to p. 9, hv. 3). However, Tyagi2 et al. 
5 specifically states that in designing a xtnitaiy probe for use in a PGR reaction, one would naturally 
choose a target complement sequence that is not complementary to one of the PCR primers (See: 
Tyagi2 et al., p. ^1, In. 27). Assays of the invention include real-time and end point detection of 
specific single-stranded or double stranded products of nudeic add synthesis reactions, provided 
however that if imitary probes wiil be subjected to mdting or other denatuiatioin, tiie probes must be 

10 imimolecular (See: Tyagi2 et al., p. 37, Ins. 1-9). Furthermore, TyagiZ et al. stipulate that although 
the imitary probes of the invention may be used with amplification or oQier nucleic add synthesis 
reactions, bimolecular probes (as defined in Tyagi2 et al.) arc not suitable for use in any reaction (e.g. 
PCR) wherein the affinity pair would be separated in a target-independent manner (See: Tyagi2 et 
al., p. 13, Ins. 9-12). Neither Tyagi et al. nor Tyagi2 et aL disclose, suggest or teach anytiung about 

15 PNA. 

hv a more recent disclosure, modified hairpin constructs whidi are similar to the Tyagi et al. 
nudeic add Molecular Beacons, but which are suitable as primers for polymerase extension, have 
been disclosed (See: Nazarenko et al.. Nucleic Acids Res. 25: 2516-2521(1997)). A method suitable for 
the direct detection of PCR-amplified DNA in a dosed system is also disclosed. According to the 

20 method, the Nazarenko et al. primer constructs are, by operation of the PCR process, incorporated 
into the amplification product Incorporation into a PCR amplified product results in a change in 
configuxation which separates the donor and acceptor moieties. Consequently, increases in the 
intensity of the fluorescent signal in the assay can be directly correlated with the amount of prima- 
incorporated into the PCR amplified produrf. The authors condude, this method is particularly well 

25 suited to the analysis of PCR amplified nudeic add in a dosed tube format. 

Because they are nudeic adds, the Nazarenko et al. primer constructs are admittedly subject 
to nuclease digestion ttiereby causing an increase in badcgtoiund signal during the PCR pnx^ss (See: 
Nazarenko et al.. Nucleic Adds Res. 25: at p. 2519, col. 1; Ins. 28-39). An additicaial disadvantage of 
this method is diat ftie Molecular Beacon like primer constructs must be linearized during 

30 amplification (See: Nazarenko et aL, Nudeic Adds Res. 25: at p. 2519, coL 1, Ins. 7-8). Consequently, 
the polymerase must read through and dissociate the stem of hairpin modified Molecular Beacon 
like primer construd if fluorescent signal is to be generated. Nazarenko et aL does not suggest, teadi 
or disdose anything about PNA. T 

In still another application of FRET to target nudeic add sequence detection, doubly labeled 

35 fluorescent oligonudeotide probes whidi have been rendered impervious to exonudease digestion 
have also been used to detect target nucleic add sequences in PCR reactions and insiHi PCR (See: 
Mayrand, US 5,691,146). The oligonucleotide probes of Mayrand comprise a fluotescer (reporter) 
molecule attached to a first end of the oligonucleotide and a quencher molecule attached to the 
opposite end of the oligonudeotide (See: Mayrand, Abstract). Mayrand suggests that the prior art 

40 teaches that the distance between the fluorophore and quencher is an important feature whidi must 
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be minimized and consequently the preferred spacing between the reporter and quencher moieties of a 
DNA probe should be 6-16 nucleotides (See: col. 7, Ins. 8-24). Mayrand, however teaches that the 
reporter molecule and quencher moieties are preferably located at a distance of ^8 nucleotides (See: 
col. 3, Ins 35-36) or 20 bases (See: col. 7, Ins. 25-46) to achieve the optimal signal to noise ratio. 
Consequently, both Mayrand and the prior art cited therein teach that the detectable properties of 
nucleic add probes (DNA or RNA) comprising a fluorophore and quencher exhfl>it a strong 
dependence on probe length. 

Resistance to nuclease digestion is alsq an important aspect of titie invention (See: US 
5,691,146 at coL 6, Ins. 42-64) and tiierefore, Mayrand suggests that the 5' end of ti\e oligonucleotide 
may be rendered impervious to nuclease digestion by including one or more modified intemucleotide 
linkages onto the 5' end of the oligonucleoHde probe (See: US 5,691,146 at col. 6, Ins. 45-50). 
Fxirlhermore, Mayrand suggests that a polyamide nucleic acid (PNA) or peptide can be used as a 
nuclease resistant linkage to thereby modify the 5' end of the oligonucleotide probe of the invention 
and render it impervious to nuclease digestion (See: US 5,691,146 at col. 6, Ins. 53-64). Mayrand does 
not however, disclose, stiggest or teach that a PNA probe construct might be a suitable substitute for 
the practice of fliie invention despite having obvious knowledge of its existence. Furthermore, 
Mayrand does not teach one of skill in the art how to prepare and /or label a PNA with the fluoiescer 
or quancher moieties. 

The efficiency of energy transfer between donor and acceptor moieties as they can be 
influenced by oligonucleotide length (distance) has been further examined and particularly applied 
to fluorescent nucleic add sequencing applications (See: Mathies et al., US 5,707,804). Mathies et al. 
states that two fluorophores will be joined by a backbone or chain where the distance between ttie 
two fluorophores may be varied (See: US 5,707,804 at col. 4, Ins. 1-3). Thus, ft\e distance must be 
chosen to provide energy transfer from the donor to the acceptor through the well-known Foerster 
mechanism (See: US 5,707,804 at col. 4, Ins. 7-9). Preferably about 3-10 nucleosides separate the 
fluorophores of a single stranded nucleic add (See: US 5,707,804 at col. 7, Ins. 21-25). Mathies et al. 
does not suggest, teadi or disdose anything about PNA 

From the analysis of DNA duplexes is has been observed tiiab 1: the effidency of FET (or 
FRET as defined herein) appears to depend somehow on &e nudeobase sequence of the 
oligonudeotide; 2: donor fluoorescence dianges in a manner whidi suggests that dye-DNA interactions 
affect the effidency of FET; and 3: the Forster equation does not quantitatively account for observed 
energy transfer and therefore the length between donor and acceptor moieties attached to 
oligonucleotides cannot be quantitated, thougji it can be used qualitatively (See; Promisd et aL, 
Biochemistry, 29: 9261-9268 (1990). Promisel et al. suggest that non-Forster effects may account for 
some of their observed but otherwise unexplainable resiilts (See: Promisel et al.. Biochemistry, 29: at 
p. 9267, col. 1, In. 43 to p. 9268, col. 1, In. 13). The results of Promise! et al. suggest that the FRET 
phenomei\a when utilized in nudeic adds in not entirely predictable or well understood. Promisel et 
al. does not suggest, teach or disdose anyftiing about PNA and, in fact, the manuscript predates the 
invention of PNA. 
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The background art thus fat discussed does not disclose, suggest or teach anything about PNA 
oligomers to whidi are directly attached a pair of donor and acceptor moieties. In fact, Etie FRET 
phenomenon as applied to the detecticm of nucleic adds, appears to be confined to the preparation of 
constructs in which the portion of the probe which is complementary to the target nucleic add 
sequence is itself comprised solely of nucleic add. 

FRET has also been utilized within the field of peptides. (See: Yaron et al. Analytical 
Biodtemisliy 95 at p. 232, col. 2, In. 30 to p. 234, coL 1, In. 30). Indeed, the use of suitably labeled 
peptides as enzyme substrates appears to bcliie primary ulilily for peptides which are labeled with 
donor and acceptor pairs (See: Zimmennan et aL, Analytical Biochemistry, 70: 258-262 (1976), 
Carmel et aL, Eur. J. Biochem., 73: 617-625 (1977), Ng et aL, Analylical Biochemistry, 183: 50-56 
(1989), Wang et aL, Tett. Lett., 31: 6493-64% (1990) and Mddal et al.. Analytical Biochemistry, 195: 
141-147 (1991). Early work suggested that quenching effidency of the donor and acceptor pair was 
dependent on peptide length (See: Yaron et aL, Analytical Biochemistry 95 at p. 233, coL 2, Ins. 36- 
40). However, the later work has suggested that effident quenching was not so dependent on peptide 
length (See: Ng et aL, Analytical Bif)cheM.istry, 183: at p. 54, coL ?, In 23 to p. 55, coL 1, In. 12; Wang 
et al., Tett. Lett, 31 wherein ftie peptide is eight amino adds in lengfti; and Mddal et al. 
Amlytical Biochemistry, 195 at p. 144, coL 1, Ins. 33-37). It was suggested by Ng et aL that flie 
observed quenching in long peptides might occur by an as yet undetennined mechanism (See: Ng et al.. 
Analytical Biochemistry 183 at p. 55, coL 1, In 13 to coL 2, In 7.) 

an add. Peptide Nucleic Add (PNA) is a non-naturally occurring polyamide (pseudopeptide) which 
can hybridize to nudeic acid (DNA and RNA) with sequence spedfidty (See United States Patent 
No. 5,539,082 and Egholm et al.. Nature 365: 566-568 (1993)). PNAs are synthesized by adaptation of 
standard peptide synthesis procedures in a format which is now commercially available. (For a 
general review of the preparation of PNA monomers and oligomers please see; Dud\olm et al.. New J. 
Chem., 21: 19-31 (1997) or Hyrup et. al., Bioorganic & Med. Chem. 4: 5-23 (1996)). Altematively, 
labeled and imlabeled PNA oligomers can be piuchased (See: PerSeptivc Biosystems Promotional 
Literature: BioConcepts, Publication No. NL612, Practical PNA, Review and Practical PNA, Vol. 1, 
Iss.2) 

Being non-naturally occurring molecules, PNAs are not known to be substrates for ttie enzymes 
whidi arc known to degrade peptides or nudeic adds. Therefore, PNAs should be stable in biological 
samples, as well as have a long shelf-life. Unlike nudeic add hybridization whidi is very 
dependent on ionic strength, the hybridization of a PNA with a nudeic add is fairly independent of 
ionic strength and is favored at low iorxic strength, conditions which strongly disfavor the 
hybridization of nudeic add to nucleic acid (Egholm et al.. Nature, at p. 567). The effect of ionic 
strength on the stability and conformation of PNA complexes has been extensively investigated 
(Tomac et al., /. Am. Chem. Soc. 118: 5544-5552 (1996)). Sequence discrimination is more effident for 
PNA recognizing DNA than for DNA recognizing DNA (Egholm et al.. Nature, at p. 566). However, 
the advantages in point mutation discrimination with PNA probes, as compared with DNA probes, 
in a hybridization assay appears to be somewhat sequence dependent (Nielsen et al., Anti-Cancer 
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Drug Design 8: 53-65, (1993)). As an additional advantage, PNAs hybridize to nucleic acid in both a 
parallel and antiparaUel orientation, though the antipaiallel orientation is preferred (See: Egholm 
et al.. Nature at p. 566). 

Despite the ability to hybridize to nucleic acid in a sequence specific manner, ttiere are many 
5 differences between PN A probes and standard nucleic acid probes. These differences can be 

conveniently broken down into biological, structural, and physico-chemical differences. As discussed 
in more detail below, these biological, structural, and physico-chemical differences may lead to 
unpredictable results when attempting to usePNA probes in applications were nudeic acids have 
typically been employed. This non-equivalency of differing compositions is often observed in the 
10 chemical arts. 

With regard to biological differences, nudeic acids, are biological materials that play a 
central role in the life of living spedes as agents of genetic transmission and expression. Their in vivo 
properties are fairly well understood. PNA, on the other hand is recently developed totally 
artif idal molecule, conceived in the minds of chemists and made using synthetic organic chendstty. 
1 5 It has no known biological function (Le. native (unmodified) PNA is not known to be a substrate for 
any polymerase, ligase, nuclease or protease). 

Structurally, PNA also differs dramatically from nudeic acid. Although both can employ 
common nudeobases (A, C, G, T, and U), the backbones of ttiese molecules are structurally diverse. 
The backbones of RNA and DNA are composed of repeating phosphodiester ribose and 2-deoxyribose 
20 units. In contrast, the backbones of the most common PNAs are composed on N-[2- 

(aminoethyl)Jglycine subunits. Additionally, in PNA the nudeobases are connected to the backbone 
by an additioital mefliylene carbonyl moiety. 

PNA is not an add and therefore contains no diarged addle groups such as those present in 
DNA and RNA. Because fhey lack foimal charge, PNAs are generally more hydrophobic than their 
25 equivalent nudeic add molecules. The hydrophobic dwracter of PNA allows for the possibility of 
non-specific (hydrophobic/hydrophobic interactions) interactions not observed with nuddc acids. 
Further, PNA is achiral, providing it with the capability of adopting structural conformations the 
equivalent of which do not exist in Ihe RNA/DNA realm. 

The uiuque structural features of PNA result in a pol3rmer which is highly organized in 
30 solution, particularly for purine rich polymers (See: Dueholm et al.. New f. Chan., 21: 19-31 (1997) at 
p. 27, col. 2, Ins. 6-30). Conversely, a single stranded nudeic add is a random coil which exhibits very 
little secondary structure. Becatise PNA is highly organized, PNA should be more resistant to 
adopting alternative secondary structures (e.g. a hairpin stem and/or loop). 

The physico/diemical differences between PNA and DNA or RNA are also substantial. 
35 PNA binds to its complementary nudeic add more rapidly than nuddc add probes bind to the same 
target sequence. This behavior is bdieved to be, at least partially, due to the fact that PNA lacks 
charge on its backbone. Additionally, recent publications demonstrate that the incorporation of 
positively charged groups into PNAs will improve the kinetics of hybridization (See: Iyer et al,, /. 
Biol. Ckem. 270: 14712-14717 (1995)). Because it lacks charge on the backbone, the stabiUly of ihe 
40 PNA/nudeic add complex is higher than that of an analogous DNA/DNA or RNA/DNA complex. 
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In certain situations, PNA will fom\ highly stable triple helical complexes through a process called 
"strand displacen:ient". No equivalent strand displacement processes or structures are Icnown in the 
DNA/RNA world. 

Recently, the "Hybridization based aaeening on peptide nucleic acid (PNA) oligomer 

5 arrays" has been described wherein arrays of some 1000 PNA oligomers of individual sequence were 
synthesized on polymer membranes (See: Weiler et al., Nud. Adds Res. 25: 2592-2799(1997)). Arrays 
are generally used, in a single assay, to generate affii\ity binding (hybridization) ii^formation sbovA a 
specific sequence or sample to numerous probes of defined composition. Thus, PNA arrays may be 
useful in diagnostic applications or for screelning libraries of compounds for leads which might 

10 exhibit therapeutic utility. However, Weiler et al note that the affinity and specificity of DNA 
hybridization to immobilized PNA oligomers depended on hybridization conditions more than was 
expected. Moreover, there was a tendency toward non-specific binding at lower ionic strength. 
Fittthermore, certain very strong binding misinatches were identified wluch could not be eliminated 
by more stringent waslung conditions. These unexpected results are illustrative of the lack of 

1 5 cranplete uiwierstanding of ttiese newly discovered molecules (Le. PNA). 

In summary, because PNAs hybridize to liudcic acids with sequence specificity, PNAs are 
useful candidates for investigation as substitute probes when developing probe-based hybridization 
assays. However, PNA probes are not the equivalent of nucleic add probes in both structure or 
function. Consequently, the unique biological, structural, and physico-chemical properties of PNA 

20 requires that experimentation be performed to thereby examine whether PNAs are suitable in 
applications where nucleic acid probes are commonly utilized. 

Disclosure of Hie Invention 

25 1. Summary . 

Tyagi et al. and Tyagi2 et al. disdose nudeic acid Molecular Beacoiw which comprise a 
hairpin loop and stem to which energy transfer donor and acceptor moieties are linked at opposite 
ends of the nudeic add polymer. Nvunerous PNA polymers were examined in an attempt to prepare a 
PNA Molecular Beacon. The .applicant's have determined that all probes tt«y examined, whidi 
30 contained linked donor and acceptor moieties «diibited a low inherent noise (badcground) and an 

increase in detectable signal upon binding of ttie probe to a target sequence. Very siuprisingly, these 
duiracteristic properties of a nucleic add Molecular Beacon were observed whether or not the PNA 
oligomer possessed self-complementary arm segments intended to form a PNA hairpin. For example, 
PNA oligomers prepared as control samples which by design did not possess any self-complementary 

35 arm segments suitable for forming a hairpin exhibited a signal (PNA oligomer bound to target 

sequence) to noise (no target sequence present) ratio whidi was quite favorable as compared with 
probes comprising flexible linkages and self-complemaitary arm segments. 

Applicant's data further demonstrates that flexible linkages inserted within the probe and 
shorter self-complementary arm segments are a preferred embodiment since the signal to noise ratio 

40 of probes of this embodinaent compare well with the signal to noise ratio published for nudeic acid 
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hairpins (approximately 25 to 1). The data compiled by applicants is ir\concliisive with respect to 
whether or not the PNA Molecular Beacons they prepared which have shorter arms segments (2-5 
subunits in length) and one or more flexible linkages exist as hairpins. However, applicant's data 
demonstrates that probes with longer arm segments (e.g. 9 subunits) do form a hairpin (See: Example 
19 of this specification) and unlabeled probes having arms segments as short as six subunits do not 
exist primarily as a hairpin (See: Example 19 of this specification). Furthermore, the signal to noise 
ratio for those the probes having longer arm segments suitable for forming a hairpin exhibited very 
poor a signal to noise ratios upon melting of the hairpin or when in the presence of a complementary 
rrndeic add. Consequently, embodiments having longer arm segments (e.g. 6 or more subunits) do not 
appear to be weU suited for use in the detection of nudeic acid targets. 

The data compiled by applicant's demonstrates the non-equivalence o£ structure and function 
of PNA as compared with nudeic acids. Consequently, this invention pertains to mediods, kits and 
compositions pertaining to PNA Molecular Beacons. Though we refer to the probes of this invention 
as PNA Molecular Beacons, we do not mean to imply that they exist as hairpins since they may well 
exist as aggregates, bimolecular coitstnicts or as higher order hybrids (e.g. multimers). Regardless of 
ttve nature of the secondary structure, a ENA Molecular Beacon effidently transfers energy between 
donor and acceptor moieties linked to the probe in the absence of target sequence. Upon 
hybridization of the probing nucleobase sequence to a target sequence, the efficiency of energy 
transfer between donor and acceptor moieties of a PNA Molecular Beacon is altered sudt that 
detectable signal from at least one linked moiety can be used to monitor or quantitate ttie occurrence of 
the hybridization event. 

At a miniminn a PNA Molecular Beacon comprises a probing nticleobase sequence, two arm 
segments, wherein at least one arm segment is linked to the probe through a flexible linkage, at least 
one liitked donor moiety and at least one linked acceptor moiety. The donor and acceptor moieties can 
be linked at any position within the PNA Molecular Beacon provided that the point of attachment 
of donor and acceptor moieties of a set are located at opposite ends of the probing nucleobase sequence. 

The probing nudeobase sequence is designed to hybridize to at least a portion of a target 
sequence. The first and second arm segments of the PNA Molecular Beaccxi provide for intramolecular 
or intermoleculai: interactions which stabilize secondary structures, dimers and/or multimers which ' 
when formed stabilize the rate of energy transfer between donor and acceptor moieties of flie 
unhybridized PNA Molecular Beacon. Without intending to be bound to this hypothesis, it is 
believed that the flexible linkages provide flexibility and randomness to the otherwise highly 
structured PNA oligomer thereby resulting in more effident energy transfer of the linked donor and 
acceptor moieties of the xmhybridized PNA Molecular Beacon as compared with probes of similar 
nudeobase sequence which do not comprise flexible linkages. 

In one preferred anbodiment, this invention is directed to PNA Molecular Beacons compridng 
an arm segment having a first and second end. Additionally, there is also a probing nucleobase 
sequence having a first and second end wherein, the probing nudeobase sequence is complemraitary or 
substantially complementary to the target sequence. There is also a second arm segment which is 
entbedded within the probing nudeobase sequence and is complementary or substantially 
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complementary to (he first arm segment. The polymer also comprises a flexible linkage which links 
the second end of the first arm segment to the second ervd of the probing nudeobase sequence. A donor 
moiety is linked to the first end of one of either of the first arm segment or the probiitg nudeobase 
sequence; and an acceptor moiety is linked to the first end of the other of either of tihe first arm 
5 segment or the probing nudeobase sequence. 

In still another preferred embodiment, this invention is directed to PNA Molecular Beacons 
comprising a probing nudeobase sequence having a first and second end, wherein, the probing 
nudeobase sequence is complementary or substantially complementary to the target sequence. There 
is also a first arm segment comprising a firstcoid second end arul a second arm segment comprising a 
1 0 first and second end, whereirv at least a portksn of the nudeobases of the second arm segment are 
complementary to the nudeobase sequei\ce to tihe first aim segment The polymer also comprises a 
first flexible linkage which links the second end of the first arm segment to either of the first or 
second end of tiie probing nudeobase sequence. Tliere is a second linkage which links the second end 
of the second arm segment to the other of either of the first or second end of the probing nudeobase 
15 sequence. Adonormoietyislinkedtothefirstendof one of cither of fixe first or second arm segmaxts; 
and an acceptor moiety is linked to the first end of the oftier of eitfier of the first or the second arm 
segments. 

In one preferred embodiment, ttiis invention is related to a method for the detection, 
identification or quantitation of a target sequence in a sample. The method comprises contacting the 

20 sample with a PNA Molecular Beacon and then detecting, identifying or quantitating the diange in 
detectable signal associated with at least one donor or acceptor moiety of the probe whereby the 
diange in detectable agnal is used to determine the presence, absence or amovmt of target sequeruie 
present in the sample of interest. The measurable change in detectable signal of at least one donor or 
acceptor moiety of the probe can be used to determine the presence, absence or amount of target 

25 sequence present in the sample of interest since applicant's have demonstrated that the efficiency of 
energy transfer between donor and acceptor moieties is altered by hybridization of the PNA 
Molecular Beacon to the intended target sequence, under suitable hybridization conditions. Accurate 
quantitation can be adiieved by correcting for signal generated by any unhybridized PNA M olecidar 
Beacon. ConsequMitly, fee PNA Molecular Beacons of this invention are particularly well suited for 

30 the detection, id^tificatiDn or quantitadon of target sequences in closed tube assays. Because PNAs 
are not known to be degraded by a:izyines, PNA Molecular Beacons are also particularly well suited 
for detection, identification or quantitation of target sequences in cells, tissues or organisms, whether 
living or not. 

In still another embodiment, this invention is related to kits stutable for perfonning an assay 
35 whidi detects the presence, absence or number of a target sequences in a sample. The kits of this 

invention comprise one or more PNA Molecular Beacons and other reagents or compositions whidx are 
sdected to perform an assay or otherwise simplify the performance of an assay. 

In yet another embodiment, this invention is also directed to an array comprising two or more 
support bovind PNA Molecular Beacons suitable for detecting, identifying or quantitating a target 
40 sequence of interest Arrays of PNA Molecular Beacons are convenient because they provide a means 
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to rapidly interrogate nximerous samples for the presence of one or more target sequences of interest in 
real time without using a secondary detection system. 

The meOiods, kits and compositions of this invention are particularly useful for the detection 
of target sequences of organisms which may be foimd ia food, beverages, water, pharmaceutical 
5 products, personal care products, dairy products or environmental samples. The analysis of preferred 
beverages include soda, bottled water, fruit juice, beer, wine or liquor products. Additiorudly, the 
methods, kits and compositions will be particularly useful for the analysis of raw materials, 
equipment, products or processes used to manufacture or store food, beverages, water, pharmaceutical 
products, personal care products dairy products or environmental samples. 

10 Whether support bound or in solution, the methods, kits and compositions of this invention 

are particxdarly useful for the rapid, sensitive, reliable aiwi versatile detection of target sequences 
which are particular to organisms wMch might be found in clinical environments. Consequently, the 
methods, kits and compositions of this invention will be particularly xjseful for the analysis of 
clinical spedmens or equipment, fixtures or products used to treat humans or aiumals. For example, 

15 the assay may be used to detect a target sequence which is specific for a genetically based disease or 
is specific for a predisposition to a genetically based disease. Non-limiting examples of diseases 
include, p-Thalassemia, sickle cell anemia, Factor-V Leiden, cystic fibrosis and cancer related 
targets such as p53, plO, BRC-1 and BRC-2, 

In still another embodiment, the target sequence may be related to a chromosomal DNA, 

20 wherein the detection, identification or quantitation of the target sequence can be used in relation to 
forensic techniques such as prenatal screening, paternity testing, identity confirmation or crime 
investigation. 

2. Description of the Preferred BmbodimCTte Of llie Invention 

25 

I. Definitions: 

a . As used herein, the term "nucleobase" shall include those naturally occttrring and those non- 
natittally occiurring heterocyclic moieties commonly known to those who utilize nucleic acid 
technology or utilize peptide nucleic add technology to thereby generate polymers which can 

30 sequence spedfically bind to nudeic adds. 

b. As used herein, the term "nudeobase sequence" is any segment of a polymer whidt comprises 
nucleobase containing sub\jnits. Noxvlimiting examples of suitable polymers or polymers segments 
indude oligonucleotides, oligoribonucleotides, peptide nudeic acids and analogs or chimeras thereof. 

c. As used herein, the term "target sequence" is any sequence of nucleobases in a polymer which 
35 is sought to be detected. The "target sequence" may comprise the entire polymer or may be a 

subsequence of the nudeobstse sequence whid\ is uruque to Q\e polymer .of interest Without 
limitatian, Hxe polymer comprising the "target sequence" may be a nudeic add, a peptide nucleic 
acid, a chimera, a linked polymer, a coiyugatc or any other polymer compiishig substituents (eg. 
nudeobases) to which the PNA Molecular Beacons of this inventicm may butd in a sequence spedfic 
40 manner. 



wo 99/22018 PCT/US98/22785 
11 

d. As used herein, the term "peptide nucleic add" or "PNA" shall be defined as any oligomer 
linked polymer or chimeric oligomer, comprising two or more PNA subunits (residues), including any 
of the compounds referred to or claimed as peptide nucleic adds in United States Patent Nos. 
5,539,082, 5,527,675, 5,623,049, 5,714,331, 5,736,336, 5,773,571 or 5,786,571 (aU of which are herein 
incorporated by reference). The term "Peptide Nucleic Add" or "PNA" shaU also apply to those 
nudeic acid mimics described in the following publications: Diderichsen et al., Tett. Lett. 37:475-478 
(1996); Fuju et al., Bioorg. Med. Chem. Utt. 7:637-627 (1997); Jordan et aL, Bioorg. Med. Chem. Lett. 
7:687-690 (1997); Krotz et aL, Tett. Lett 36:6941-6944 (1995); Lagriffoul et aL, Bioorg. Med. Otan. 
Utt. 4:1081-1082 (1994); Lowe et al., /. Chem. Soc. Perkin Trans. 1, (1997) 1:539-546; Lowe et aL, /. 
Chenu Soc. Parian Tram. 1 1:547-554 (1997); Lowe et al., /. Otem. Soc Perkin Trans. 1 2:555-560 (1997); 
and Petersen et al., Bioorg^ Med. Chem. Lett. 6:793-796 (1996). 

In preferred embodiments, a PNA is a polymer comprising two or more FNA sulninits of the 
formida: 



wherein, each J is the same or different and is selected from ttie group consisting of H, R', OR*, SR*, 
NHR», NRV F, a, Br and L Eadi K is the same or different and is selected from the group consisting 
of O, S, NH and NR\ Each R* is the same or diff^ent and is an alkyl group having one to five carbon 
atoms which may optionally contain a heteroatom or a substituted or unsubstituted aryl group. Each ' 
A is selected from the group consisting of a single bond, a group of the formula; -(Qz),- and a group of 
the formula; -(Cj2)sC(0)-, wherein, J is defined above and each s is an integer from one to five. The 
integer t is 1 or 2 arid the integer u is 1 or Z Each L is the same or different and is independently 
selected from the group consisting of J, adenine, cytosine, guanine, thymine, uridine, 5- 
methylcytosine, 2-airunopurine, 2-amino-6-ddoropurine, 2,6-diaminopurine, hypoxanfhine, 
pseudoisocytosine, 2-fhiotu:adl, 2-fhiothymidine, other naturally occurring nudeobase analogs, 
other non-naturaily occurring nucleobases, substituted and unsubstituted aromatic moieties, biotin and 
fluorescein- In the most preferred embodiment, a PNA subxmit coiKists of a naturally occurring or non- 
naturally occurring nudeobase attached to the aza nitrogen of ttie N-[2-(aminoelhyl)]glycine 
backbone through a methylene carbonyl linkage. 
II, General: 
PNA Synthesis: 

Methods for the chemical assembly of PNAs are wdl known (See: United States Paterit Nos. 
5,539,082, 5,527,675, 5,623,049, 5,714,331, 5,736,336, 5,773,571 or 5,786,571 (all of which axe herein 
incorporated by reference). Chemicals and instrumentation for the support boxmd automated 
chemical assembly of Peptide Nudeic Acids are now commercially available. Chemical assembly of 
a PNA is analogous to solid phase peptide synthesis, wherein at eadi cycle of assembly the oligomer 
possesses a reactive alkyl amino terminus whidi is condensed witti the next synthon to be added to 
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the growing polymer. Because standard peptide chemistry is utilized, natural and non-natural amino 
acids are routinely incorporated into a PNA oligomer. Because a PNA is a polyamide, it has a C- 
terminus (carbo^l tenninus) and an N-termirrus (amino temiinns). For the purposes of the deagn of a 
hybridization probe suitable for antiparallel binding to flie target sequence (the preferred 
5 orientation), the N-tenninus of the probing nudeobase sequence of the PNA probe is the equivaleat of 
the 5'-hydioxyl teindnxis of an equivalent DMA or KNA oligonudeotide. 
Labels: 

The labels attached to the PNA Molecular Beacons of this invention comprise a set 
(hereinafter "Beacon Set(s)") of energy transfer moieties comprising at least one energy donor and at 
10 least one energy acceptor moiety. T5fpic£iUy, the Beacon Set will indude a single donor moiety and a 
single acceptor moiety. Nevertheless, a Beacon Set may contain more than one donor moiety sind/or 
more than one acceptor moiety. The donor and acceptor moieties operate sudi that one or more 
acceptor moieties accepts energy transferred from the one or more donor moieties or otherwise quench 
signal from the donor moiety or moieties. The energy transfer moieties of this invention operate by 
1 5 bofti PRBT and non-ERET but preferably do not involve electron transfer. 

Preferably the donor moiety is a fluorophote. Preferred fluorophores are derivatives of 
fluorescein, derivatives of bodipy, 5-(2'-aminoethyl)-aminonaphthalene-l-siiIfotuc add (BDANS), 
derivatives of rhodamine, Cy2, Cy3, Cy 3.5, Cy5, Cy5.5, texas red and its derivatives. . Though the 
previously listed fluorophores might also operate as acceptors, preferably, the acceptor moiety is a 
20 quencher moiety. Preferably, the quencher moiety is a non-fluorescent aromatic or heteroaromatic 

moiety. The preferred quencher moiety is 4-((-4-(dimethylamino)phenyl)azo) benzoic add (dabcyl). 

Transfer of energy may occur Oirough collision of the dosely associated moieties of a Beacon 
Set oi through a nonradiative process sadi as fluorescence resonance energy transfer (FRET). For FRET 
to occur, transfer of energy between donor and acceptor moieties of a Beacon Set requires that the 
25 moieties be dose in space and that the emission spectrum of a donor(s) have substantial overlap with 
the absorption spectrum of the acceptor(s) (See: Yaron et al. Analytical Biochemistry, 95: 228-235 
(1979) and particularly page 232, col. 1 through page 234, col. 1). Alternatively, collision mediated 
(radiationless) energy transfer may occur between very dosely assodated donor and. acceptor moieties 
whether or not the emlssian spectrum of a donor moiety(ies) has a stibstantial overlap wittt the 
30 absorption spectrum of ttie acceptor moiety(ies) (See: Yaron et aL, Analytical Biochemistry, 95: 228- 
235 (1979) and particularly page 229, col. 1 through page 232, col. 1). This process is referred to as 
intramolecular collision since it is believed that quenchix\g is caused by the direct contact of (he donor 
and acceptor moieties (See: Yaron et al.). As applicant's have demonstrated, the donor and acceptor 
moieties attached to the PNA Molecular Beacons of this invention need not have a substantial 
35 overlap between the emission of the donor moieties and the absorbance of the acceptor moieties. 

Wittiout intending to be bound to this hypofliesis, ttiis data suggests that collision or contact operates 
as the primary mode of quendiing in PNA Molecular Beacons. 
DetfiPting Pnergy Transfer: 

Because the effidency of both collision mediated and nonradiative transfer of energy 
40 between flie donor and acceptor moieties of a Beacon Set is direcdy dependent on the proximity of the 



wo 99^2018 PCTAJS98/22785 

13 .. 
donor and acceptor moieties, detection of hybrid formation of a PNA Molecular Beacon with a target 
sequence can be monitored by meeisuring at least one physical property of at least one member of the 
Beacon Set which is detectably different when the hybridization complex is formed as compared 
with when the PNA Molecular Beacon exists in the absence of target sequence. We refer to this 
phenomenon as the self-indicating property of PNA Molecular Beacons. This change in detectable 
signal results from the change in efficiency of energy transfer between the donor and acceptor upon 
hybridization of the PNA Molecular Beacon to a target sequence. Preferably, the means of detection 
will involve measuring fluorescence of a donoror acceptor fluorophore of a Beacon Set. Most 
preferably, the Beacon Set will comprise at iMist oop donor fluorophore and at least one acceptor 
qufindier such ftiat the fluorescence of the donor fluorophore is will be xised to detect, identify or 
quantitate hybridization. 
PNA U\>^ti\W- 

Chemical labeling of a PNA is analogous to peptide labeling. Because the synthetic 
chemistry of assembly is essentially the sam^ any method commonly used to label a peptide may be 
used to Isibel a PNA. Typically, the N-terminus of the polymer is labeled by reaction \vitti a moiety 
having a carboxylic acid group or activated caifooxylic acid group. One or more spacer moieties can 
optionally be introduced between the labeling moiety and Qxs probiiig nudeobase sequence of flxe 
oligomer. Generally, the spacer moiety is incorporated prior to performing tiie labeling reaction. 
However, the spacer may be embedded within the label and thereby be incorporated during the 
labeling reaction. 

Typically the C-tenninal end of the probing nudeobase sequeiu:e is labeled by first condensing 
a labeled moiety with the support upon which flw PNA is to be assembled. Next, the first synthon 
of the probing nudeobase sequence can be condensed wifli the labeled moiety. Alternatively, one or 
more spacer moieties can be introduced between the labeled moiety and the oligomer (e.g. 8-amino- 
3,6-dioxaoctanoic acid). Once the PNA Molecular Beacon is completdy assembled and labeled, it is 
deaved from the support deprotected and purified using standard methodologies. 

The labeled moiety could be a lysine derivative wherein the e-amino group is modified wifl\ 
a donor or acceptor moiety. For example the labd could be a fluorophore such as 5(6)- 
carboxyfluorescein or a quencher moiety sudi as 4-((4-(dimetiiylamino)phenyl)azo)benzoic add 
(dabcyl). Condensation of the lysine derivative with the synthesis support would be accomplished 
using standard condensation (peptide) chemistry, Htve a-amino group of the ly^ne derivative would 
then be deproteded and the probing nudeobase sequence asserribly initiated by condensation of the 
first PNA synthon with the a-amino group of the lysine amino add. As discussed above, a spacer 
moiety could optionally be inserted between &e lysine amino add and the first PNA synthon by 
condensing a suitable spacer (e.g. Fmoc-8-amino-3,6-dioxaoctanoic add) with the lysine amino acid 
prior to condensation of the first PNA synttion of flie probing nudeobase sequence. 

Alternatively, a functional group on the assembled, or partially assernbled, pol)rn\er is 
labeled with a donor or acceptor moiety while it is still support bound. Hus method requu-es that 
an appropriate protecting group be incorporated into the oligomer to thereby yield a reactive 
functional to which the donor or acceptor moiety is linked but has the advantage that the label (e.g. 
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dabcyl or a fluorophore) can be attached to any position within the polymer including within the 
probing nucleobase sequence. For example, the e-amino group of a lysine coxAd be protected with a 4- 
mettiyl-triphenylmethyl (Mtt), a 4-methoxy-triphenylniethyl (MMT) or a 4,4'- 
dimelhoxytriphenyltnethyl (DMT) protecting group. The Mtt, MMT or DMT groups can be removed 
from PNA (assembled rising commercially available Pmoc PNA monomers and polystyrene support 
having a PAL linker; PeiSeptive Biosystems, Inc., Framingham, MA) by treatment of the resin under 
mildly acidic conditions. Consequently, the donor or acceptor moiety can then be condensed with ttie 
e-amino group of the lysine amino acid. After complete assembly and labeling, the polymer is then 
deaved from the support, deprotected and purified using well known methodologies. 

By still anottier method, the donor or acceptor moiety is attadhed to the polymer after it is 
fully assembled and cleaved from ttie support This method is preferable where the label is 
incompatible with the cleavage, deprotection or purification regimes commonly used to manufacture 
the oligomer. By this method, the PNA will generally be labeled in solution by the reaction of a 
functional group on the polymer and a functional group on the label. Those of ordinary skiU in flie 
art will recognize tihat the composition of the coupling solution will depend on the nature of oligomer 
and the donor or acceptor mcdely. Tlie solution may comprise organic solvent, water or any 
combination fjieteof. Generally, the organic solvent will be a polar non-nucleophilic solvent. Non 
limiting examples of suitable organic solvents include acetoidtrile, tetrahydrofuran, dioxai\e, methyl 
sulfoxide and N,N'-dimethylf ormamide. 

Generally the functional group on the polymer to be labeled will be an amine and the 
fxmctional group on ttie label will be a carboxylic acid or activated carboxylic acid. Non-limiting 
examples of activated caAoxylic add functional groups indude }>l-hydroxysuccininudyl esters. In 
aqueous solutioivs, tiie carboxylic add group of eittier of the PNA or label (depending on tiie nature of 
Qie components chosen) can be activated with a water soluble carbodiimide. The reagent, l-(3- 
dimeti\ylaminopTOpyl)-3-€thylcarbodiiinide hydrochloride (EDC), is a commerdally available 
reagent sold specifically for aqueous amide forming condensation reactions. 

Generally, the pH of aqueous solutions will be modulated with a bxiffer during the 
condensation reaction. Preferably, the pH during ftie condensation is in the range of 4-10. When an 
aiylamine is condensed wife the carboxylic add, preferably fiie pH is in the range of 4-7. When an 
alkylamine is condensed with a carboxylic add, preferably the pH is in tiie range of 7-10. Generally, 
the basLdty of non-aqueous reactions will be modulated by tiie addition of non-iiude<^hi]ic organic 
bases. Non-limiting examples of suitaible bases include N-mefhylmorpholine, triethylamine and 
N,N-diisopropylethylamine. Alternatively, the pH is modulated using biological buffers such as 
N-[2-hydroxyethyllpiperazine-N'-[2-ethanesulfoiuc acid (HEPES) or 4-morpholineethane-sulfonic 
add (MES) or inorgaruc buffers such as sodiimi bicarboriata 
Spacer /Fle xihlft Linker moieties: 

Spacers are typically used to minimize the adverse effects that iJulky labeling reagents 
might have on hybridization properties of PNA Molecular Beacons. Flexible linkers typically 
induce flexibility and randomness into the PNA Molecular Beacon or otherwise link two or more 
nudeobase sequences of a probe. Preferred spacer/ flexible linker moieties for probes of this invention 
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consist of one or more ammoalkyl carboxylic adds (e.g. aminocaproic acid) the side chain of an amino 
acid (e.g. tine side chain of lysine or ornithine) natural amino acids (e,g. glycine), 
aminooxyalkyladds (e.g. 8-amino-3,6-dioxaoctanoic acid), aUcyl diadds (e.g. succinic add) or 
alkyloxy diadds (e.g. diglycolic add). The spacer/linker moieties may also be designed to enhance 
the solubility of the PNA Molecular Beacon, 

Preferably, a spacer/lirJcer moiety comprises one or more linked compounds having the 
formula: -Y-(0„-(CW2)J„-Z-. The group Y is a single bond or a group having the formula selected 
from the group consisting of: -(CWj)p-,-C(0)(CWj)p-, -C(S)(CWj)p- and -S(Oj){CWj)p. Tiie group Z 
has the formula NH, NR^ S or O. Each W is independently H, R% -OR^ F, CI, Br or I; wherein, each 
R* is independ^tly selected from the group consisting of: -O^, -CXjCX,, -CX2CX2CX3, -CX2CX(CX3)2, 
and-C(CX3)3. Eadi X is independently H, F, CI, Br or L Each m is independenfly 0 or 1. Each n, o and 
p are independently integers from 0 to 10. In the most preferred embodiment the spacer/flexible 
linker coinprises two linked 8-amino-3,6-dioxaoctanoic add moieties. Consequently, , Y is - 
C(0)(CWj)p-, Z is NH, each W is H, m is 1, n is 2, o is 2 and p is 1. 
Chimeric Oligomer: 

A chimeric oligomer comprises two or more linked stfl>unit5 whidi ate selected from different 
classes of subunits. For example, a PNA/DNA dhimera would comprise at least two PNA subunits 
linked to at least one 2'-deoxyribonudeic acid subunit (For methods and compositions related to 
PNA/DNA chimera preparation See: WC)96/40709). The component subunits of the diimerk 
oligomers are selected from the group consisting of PNA subunits, DNA subunits, RNA subunits and 
analogues thereof. 
T .ir^lc^ Polymer: 

A linked polymer comprises two or more nucleoibase sequences which are linked by a linker. 
The nudeobase sequences which are linked to form the linked polymer are selected from the group 
consisting 6t an oligodeoxynucleotide, an oligoribonudeotide, a peptide nucleic acid and a dumeiic 
oligomer. The PNA probes of this invention indude linked polymers wherein the probing nucleobase 
sequence is linked to one or more additional oligodeoj^udeotide, oligoribonudeotide, peptide 
nuddc add or chimeric oligomers. 
Hybridization Conditions/Stringency; 

Hiose of ordinary skill in the art of nudeic add hybridization will recognize tiiat factors 
commonty used to impose or control stringency of hybridization indude formamide concentration (or 
other chemical denaturant reagent), salt concentration (i.e., ionic strength), hybridization 
temperatiu'e, detergent concentration, pH and the presence or absence of chaotropes. Optimal 
stringency for a probing nudeobase sequence/target sequence combination is often found by the well 
known technique of fixing several of the aforementioned stringency factors and then determining the 
effect of varying a single stringency factor. The same stringency factors can be modulated to fliereby 
control the stringency of hybridization of PNA Molecular Beacons to target sequences, exc^t fliat the 
hybridization of a PNA is fairly independent of ionic strength. Optimal stringency for an assay may 
be experimentally determined by exatnination of eadi stringency f ador imtil the desired degree of 
discrimination is adiieved. 
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Probin g Nticleobase Sequence: 

The probing nudeobase sequence of a PNA Molecular Beacon is the sequence recognition 
portion of the construct. Therefore, the probing nudeobase sequence is designed to hybridize to at 
least a portion of the target sequence. Preferably the probing nudeobase sequence hybridizes to the 
5 entire target sequence. The probing nudeobase sequence is a non-polynudeotide and preferably the 
probing nudeobase sequence is composed exduavely of PNA subunits. The stibunit length of flie 
probing nudeobase sequence will therefore generally be chosen sud\ that a stable complex is formed 
between the PNA Molecular Beacon and the target sequence sought to be detected, under suitable 
hybridization conditions. The probing nudeobase sequence of a PNA oligomer, suitable for the 
1 0 practice of this uivention, will generally have a lengtii of between 5 and 30 PNA subunits. 

Preferably, the probing nudeobase sequence will be 8 to 18 subuitits in l^gth. Most preferably, the 
probing nudeobase sequence will be 11-17 subunits in length. 

The probing nudeobase sequence of a PNA Molecular Beacons will generally have a 
nudeobase sequence which is complementary to the target sequence. Alternatively, a substantially 
1 5 complementary probing sequence might be used since it has been demonstrated titat greater sequence 
discrimination can be obtained when utilizing probes wherein there exists a sir^e point mutation 
(base mismatdi) between Gifi probing nudeobase sequence and the target sequence (See: Guo et al.. 
Nature Biotechnology 15: 331-335 (1997), Guo et aL, W097/46711; and Guo et al., US 5,780,233, herein 
incorporated by reference). 
20 Arm Segments 

The arin segments of the PNA Molecular Beacon are designed to anneal to each other and 
therdjy stabilize the interactions whidi fix the energy transfer of linked donor and acceptor moieties 
until the PNA Molecular Beacon hybridizes to the target sequence. The arm segments may be of 
different lengths, but, arc preferably the same length. The preferred length of ttie arm segments will 

25 depend on the stability desired for the interactions. However, ttie arm segments must not be so long 
that they prohibit hybridization to the target sequence. Preferably, the arm segments are 2-6 
subuiuts in length and most preferably the arm segments are 2-4 subunits in length since applicanf s 
data demonstrates that the highest signal to noise ratios are obtained with PNA Molecular Beacons 
having arm segments of 5 or less subunits. Preferably arm segments of a PNA Molecular Beacon are 

30 comprised primarily of PNA subimits and preferably comprised of only PNA stibunits. However, salt 
pairs and hydrophobic/hydrophobic interactions may contribute to the stability of the interactions 
whidi fix the proximity of the donor and acceptor moieties 

In certain embodiments, both arm segments are external to the probing nudeobase" sequence 
(See: Figure A; Configtiration III). Alternatively, one arm segment may be embedded within a 

35 probing nudeobase sequence (See: Figure A; Configuratiorts I and II). When one arm segment is 

embedded within the pxolang nudeobase sequence, preferably the other arm segment is oriented to 
the N-terminus of the PNA Molecular Beacon and the probing nudeobase'sequence is oriented toward 
the C-tcrminus of the PNA Molecular Beacon. 
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The flexible linkages link one or more arm forming segments to the PNA Molecular Beacon. 
Witiltout intending to be bound to this hypothesis, it is believed that flexible linkages provide 
flexibility and randomness to the otherwise highly structured PNA oligomer thereby resulting in 
more efiicient energy transfer of the linked donor and acceptor moieties of the unhybridized PNA 
Molecular Beacon. The length and compositipn of the flexible linkages will be judiciously chosen to 
facilitate intramolecular interactions between functional groups of the polymer (e.g. nudeobase- 
nudeobase interactions) whidi would oflierwise not be able to freely interact Flexible linkages 
appear to produce PNA Molecular Beacons vdjich exhibit higher signal to noise ratios in 
hybridization assays and a more reversible modulation of fluorescent signal in response to thermal 
changes in environment as compared with PNA Molecular Beacons which do not possess flexible 
linkages. Thus, flexible linkages are an important feature of the PNA Molecular Beacons of this 
invention. 
Blocking Probes-. 

Blocking probes are PNA or nudeic add probes which can be used to suppress the binding of 
ftve probing nudeobase sequence of a probe to a hybridization site whidti is tmrelated or dosely 
related to the target sequence (See: Coull et al., PCT/US97/21845, a.k.a. W098/24933). Generally, 
the blocking probes suppress the binding of the probing nudeobase sequence to closely i^ted non- 
tcurget sequences because the blocking probe hybridizes to the non-target sequence to form a more 
thermod3mamically stable complex than is formed by hybridization between the probing nudeobase 
sequence and the non-target sequence. Thus, blocking probes are typically imlabeled probes used in an 
assay to thereby suppress non-specific signal. Because they are usually designed to hybridize to 
dosely related non-target sequence sequences, typically a set of two or more blocking probes will be 
used in an assay to thereby suppress non-spedfic signal from non-target sequences which could be 
present and interfere with the performance of the assay. 
III. Preferred Embodiments of the Invention: 
PNA Molecular Beacons: 

Tyagi et aL and Tyagi2 et al. disdose nudeic acid Molecular Beacons which comprise a 
halcpin loop and stem to which energy transfer donor and acceptor moieties are linked at opposite 
ends of the nudeic add polymer. Ntmierous PNA polymers were examined in an attempt to prepare a 
PNA Molecular Beacon. The applicant's have determined that all probes flhey examined, whidi 
contained linked dcmor and acceptor moieties exhibited a low inherent noise (background) and an 
increase in detectable signal upon binding of the probe to a target sequence. Very surprisingly, these 
characteristic properties of a nucleic add Molecular Beacon were observed whether or not the PNA 
oligomer possessed self-complementary arm segments intended to form a PNA hairpin. For example, 
PNA oligomers prepared as control samples which by design did not possess any self-complementary 
arm segments suitable for forming a hairpin exhibited a signal (PNA oligomer bowd to target 
sequence) to noise (no target sequence present) ratio which was quite favorable as compared with 
probes comprising flexible liidcages and self-complementary arm segments. 

Applicant's data further demonstrates that flexible linkages inserted within the probe and 
shorter self-complementary arm segments are a preferred embodiment since ti\e signal to noise ratio 
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of probes of this embodiment compare well with the signal to noise ratio published for nucleic add. 
hairpins (approximately 25 to 1). The data compiled by applicants is inconclusive with respect to 
whether or not the PNA Molecular Beacons they prepared which have shorter arms segments (2-5 
subunits in length) and one or more flexible linkages exist as hairpins. However, applicant's data 
demonstrates that probes with longer arm segments (e.g. 9 subunits) do form a hairpin (See: Example 
19 of tiiis specification) and unlabeled probes having arms segments as short as six subunits do not 
exist primarily as a haiipin (See: Example 19 of this specification). Furthermore, the signal to noise 
ratio for those the probes having longer arm segments suitable for forming a hairpin exhibited very 
poor a signal to noise ratios upon melting of the hairpin or when in the presence of a complementary 
nucleic add. Consequentiy, embodiments having longer arm segments (e.g. 6 or more subunits) do not 
appear to be well suited for use in the detection of nucleic add targets. 

This invention pertains to methods, kits and comi>ositions pertaining to PNA Molecular 
Beacons. Though we refer to the probes of this invovtion as FN A Molecular Beacons, we do not mean 
to imply that they exist as Ivairpins since they may well exist as aggregates, bimoleculaf constructs 
or as higiher order hybrids (e.g. mulfimers). Regardless of the nature of the secondary structure, a 
PNA Molecular Beacon effidently transfers energy between donor and acceptor moieties linked to the 
probe in the absence of target sequence. Upon hybridization of the probing nudeobase sequence to a 
target sequence, the effidency of energy transfer between donor and acceptor moieties of a PNA 
Molecular Beacon is altered such that detectable signal horn at least one linked moiety can be used to 
monitor or quantitate the occurrence of the hybridization event. 

Generally, a PNA Molecular Beacon is a polymer suitable for detecting, identifying or 
quantitating a target sequence. At a minimum, a PNA Molecular Beacon comprises a probing 
nudeobase sequence, two arm segments, wherein at least one arm segment is lirJsed to the probe 
through a flexible linkage, at least one liitked donor moiety and at least one linked acceptor moiety. 
The donor and acceptor moieties can be linked at any position within the PNA Molecular Beacon 
provided they are separated by at least a portion of the preying nudeobase sequence. Preferably flie 
donor and acceptor moieties of a Beacon Set are located at opposite ends of the probing nudeobase 
sequence and most preferably at the termini of the PNA Molecular Beacon. Ihe PNA Molecular 
Beacon is further characterized in that the probe exhibits detectable change in at least one property 
of at least one linked donor or acceptor moiety which occurs upon hybridization to the target sequence 
under suitable hybridization conditions. 

In one preferred embodiment, this invention is directed to a PNA Molecular Beacons 
comprising an arm segment having a first and seccsid end. Additionally, there is also a probing 
nudeobase sequence having a first and second end wherein, tbe probing nudeobase sequerus is 
complementary or substantially complementary to the target sequence. There is also a second arm 
segment whidi is embedded within tiie probing nudeobase sequence and is complementary or 
substantially complementary to the first arm segment. The polymer also' comprises a flexible 
linkage whidi links the second end of the first arm segment to the second end of the probing 
nudeobase sequence. A donor moiety is linked to the first end of one of either of the first arm segment 
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or the probing nudeobase sequence; and an acceptor moiety is linked to the first end of the other of 
either of the first arm segment or the probing nudeobase sequoice. 

la still another preferred embodiment, this invention is directed to a PNA Molecular Beacon 
comprising a probing nudeobase sequence having a first and second end, wherein, the probing 
nudeobase sequence is complementary or substantially complementary to the target sequence. Tliere 
is also a first arm segment comprising a first and second end and a second arm segment comprising a 
first and second end, wherein, at least a portion of the nudeobases of the second arm segment are 
complementary to fiie nudeobase sequence tQ Hie first arm segment The polymer also comprises a 
first flexible linkage which links the second end of the first arm segment to either of the first or 
second end of the probing nudeobase sequence. There is a second linkage which links the second end 
of the second arm segment to the other of either of the first or second end of the probing nudeobase 
sequence. A donor moiety is liiJced to the first aid of one of either of flie first or second arm segments; 
and an acceptor moiety is linked to the first end of flie other of either of the first or the second arm 
segments. 

Preferably, a PNA Molecular Beacons is assembled by stepwise condensation of suitably 
protected amino add moieties. Consequenfly, the polymer is preferably continuous from the amino to 
the carboxyl terminus. In the most preferred configuration, PNA Molecular Beacons are continuous 
from the N-terminus to the C-terminus wherein the first arm segment is oriented toward the N- 
terminus and the probing nuKdeobase sequence is oriented toward flhe C-tetminus of the polymer. 
20 Additionally, the preferred PNA Molecular Beacons comprise a probing nudeobase sequence whid\ is 
perfectly complementary to the target sequence and a first arm segment which is perfectly 
complementary to ttie second arm segment. 

It is not a requirement that the PNA Molecidar Beacons of this invention form a hairpin. 
However, if hairpins are formed, preferred embodiments of the PNA Molecular Beacons of this 
25 invention can generally be represented in three configurations with are illustrated in Figure A. In 
configuration I, ttie probing nudeobase sequence is located at the caiboxyl terminus of the polymer. 
The prdtnng nudeobase sequence is linked to the arm forming segment through one or more fk^le 
linker moieties. In this embodiment, one of the two arm segments is embedded within the probing 
nudeobase sequence. As illustrated, the donor and acceptor moieties are located at opposite ends of 
30 the PNA Molecular Beacon but either orientation of the labels is acceptable. This embodiment of a 
Molecular Beacon is unique even in li^t of the nucleic add Molecular Beacons, because cme of the two 
arm forming segments is embedded within fl»e probing segment Minunization of sequencejength is 
preferred since it shotald reduce non-specific interactions. 

In configtiration II, ttie positioning of the probing nudeobase sequence and arm segments are 
35 inverted as compared with configuration I. In this configuration the probing nudeobase sequence is 
located at the amino terminus of the polymer and is linked to an arm forming segment through one or 
more flexible linker moieties. As illustrated, the donor and acceptor moieties are located at opposite 
termini of the PNA Molecular Beacon but dflier orientation of the labels is acceptable. 

In configuration III, the entire probing nudeobase sequence is external to the two arm forming 
40 segments. Thus, this embodiment is more similar to the nudeic add Molecular Beacons than is either 
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configuratian I or 11. Configuration EI, however, differs from nucleic add Molecular Beacons in that 
it is comprised of PNA subunits and also contains at least one flexible linkage separating a probing 
nudeobase sequence and the arm segments. 
T Ini qne Features of PNA Moleculai Beacons: 
5 There are many differences between prior art nucleic acid constructs and the PNA Molecular 

Beacons of this invention. For example, nucleic acid constructs comprise a polynudeotide backbone 
whereas the Linear Beacons of this invmtion comprise a probing nucleobase sequence whid* is not a 
poljmudeotide. Thus, PNA Molecular Beacons whidi comprise PNA subunits exhibit all of the 
favorable properties of PNA such as resistance to nuclease degradatioiv, salt independent sequence 
10 hybridization to complementary nucleic adds and rapid hybridization kinetics. For probes which do 
form hairpin stems, the Tm of the stem duplex is substantially independent of the presence or absence 
of magnesium and the ionic strength of tiie environment. 

Additionally, several of the constructs designed by applicants are PNA Molecular Beacons 
having aim segments which are eiribedded wiflun the probing nudeobase sequence. These unique 
15 constructs arc shorter than corresponding nuddc add Molecular Beacons. Shorter probes are less 

costly to synthesize, are generally easier to purify and should exhibit few non-specific interactions 
since they will comprise less nucleobase sequence diversity. 

Additionally, the construds described herein comprise flexible linkages which applicants 
have demonstrated to be a preferred embodiment since a higher signal to noise ratio is adueved as 
20 compared with PNA probes of similar subunit design which do not comprise flexible linkages. 

Similarly, the preferred PNA Molecular Beacons of tiiis invention comprise short arm segments since 
applicant's data demonstrates a dear inverse correlation between arm length and signal to noise 
ratio. The preferred PNA Molecular Beacons of this invention comprise arms sequences of five or less, 
and more preferably three or less, subunits. 
25 Probe Sets: 

In another embodiment, this invention is directed to sets of PNA Molecular Beacons suitable 
for detecting or identifying the presence, absence or amount of two or mote different target sequences 
whidx might be present in a sample. Hie characteristics of PNA Molecular Beacons suitable for die 
detection, identification or quantitation of target sequences have been previously described herein. 
30 The grouping of PNA Molecular Beacons within sets charaderized for specific detection of two or 
more target sequences is a preferred embodiment of this invention. 

Probe sets of this invention shall comprise at least one PNA Molecular Beacon but need not 
comprise only PNA Molecular Beacons. For example, probe sets of this invention may comprise 
mixtures of PNA Molecular Beacons, oftier PNA probes and/or nudeic add probes, provided however 
35 that a set comprises at least one PNA Molecular Beacon as described herein. In preferred 
embodiments, at least one prd>e of the set is a blocking probe, as defined herein. 
Tmmobi1i7.a rion of a PNA Molecular Beacon To A Su rface; 

One or more PNA Molecular Beacons may optionally be immobilized to a siirface. In one 
embodiment, the probe can be immobilized to the surface using the weE known process o£ XJV- 
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crosslinking. Alternatively, the PNA oligomer is synthesized on the surface in a manner suitable for 
deprotection but not cleavage from the synthesis support. 

Preferably, the probe is covalently liivked to a surface by the reaction of a suitable functional 
groups on the probe and support. Functional groups such as amino groups, carboxyhc acids and thiols 
5 can be incorporated in a PNA Molecular Beacon by extension of one of the termini witli suitable 
protected moieties (e.g. lysine, glutamic add and tystine). When extending the terminus, one 
functional gtxmp of a branched amino add such as lysine can be used to incorporate the donor or 
acceptor label at the appropriate position in 4he polymer (See: Section entitled '^NA Labeling") 
while the other functional group of the branch is used to optionally further extend the polymer and 
10 immobilize it to a sittface. 

Methods for the attachment of probes to surfaces generally involve the reaction of a 
nudeoplulic group, (e.g. an amine or thiol) of the probe to be immobilized, witti an eiectrophilic 
group on tiie support to be modified. Alternatively, tt\e nudeophile can be present on the support and 
the electrophile (e.g. activated carboxylic add) present cai the PNA Molecular Beacon. Becatise 
1 5 native PNA possesses an amino terminus, a PNA will not necessarily require modification to thereby 
immobilize it to a surface (See: Lester et al.. Poster entitled "PNA Array Technology"). 

Conditions suitable for the immobilization of a PNA to a surface will generally be similar to 
those conditions suitable for the labeling of a PNA (See: subheading "PNA Labeling"). The 
immobilizatton reaction is essentially the equivalent of labeling the PNA whereby flie labd is 
20 substituted with the surface to which the PNA probe is to be covalently immobilized. 

Numerous types of surfaces derivatized with amino groups, carboxylic add groups, 
isocyantes, isothiocyanates and malimide groups are commerdally available. Non-limiting 
examples of suitable siwfaces include membranes, glass, controlled pore glass, polystyrene partides 
(beads), silica and gold nEinopartides. 
25 When jixuivpbilized to a surface, energy transfer between moieties of a Beacon Set will occur in 

the PNA Mofccular Beacon. Upon hybridization to a target sequence under suitable hybridization 
conditions, ttie location on tiie surface where PNA Molecular Beacon (of known sequence) is 
attadied will generate detectable signal based on ttie measurable change in sigrud of at least one 
member of the Beacon Set of the immobilized PNA Molecular Beacon. Consequenay, the intensity of 
30 the signal on the surface can be used to deted, identify or quantitate the presence or amount of a 
target sequence in a sample which contacts the surface to which the PNA Molecular Beacon is 
immobilized. In a preferred embodiment, detection of surface fluorescence will be used to deted 
hybridization to a target sequence. 

Petectable and Independently Detectable Moiet ies /MulHp lex Analysis: 

35 In preferred embodiments of this invention, a multiplex hybridization assay is performed. In 

a multiplex assay, numerous conditions of interest are simultaneously examined. Multiplex analysis 
relies on the ability to sort sample components or the data assodated therewith, during or after the 
assay is completed. In preferred embodiments of the invention, distinct independently detectable 
moieties are used to label the different PNA Molecular Beacons of a set. The ability to differentiate 

40 between and/or quantitate each of the independently detectable moieties provides fl\e means to 
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multiplex a hybridization assay because the data which correlates with the hybridization of each 
of the distinctly (independently) labeled PNA Molecular Beacons to a target sequence can be 
correlated with the presence, absence or quantity of the target sequence sought to be detected in a 
sample. Consequently, the multiplex assays of this invention may be used to simultaneously detect 
5 the presence, absence or amount of one or more target sequences whidi may be present in ttie saaxe 
sample in the same assay. Preferably, independently detectable fiuorophores will be used as the 
independently detectable moieties of a multiplex assay using PNA Molecular Beacons. For example, 
two PNA Molecular Beacons might be used to^ietect each of two different target sequences wherein a 
fluorescein (green) labeled probe would be used to detect the first of the two target sequences and a 
10 rhodamine or Cy3 (red) labeled probe would be used to detect the second of the two target sequences. 
ConsequMitly, a green, a red or a green and red signal in the assay would signify the presence of the 
first, second and first and second target sequences, respectively. 
Arrays of PNA Molecular Beacons: 

Arrays are siurfaces to which two or more probes of interest have been immobilized at 
1 5 predetermined locations. Arrays comprising both nucleic add and PNA probes have been described in 
the literature. The probe sequences immobilized to the eirray are judiciously chosen to interrogate a 
sample which may contain one or more target sequences of interest. Because the location and sequence 
of each probe is known, arrays are generally used to simultaneously detect, identify or quantitate ttie 
presence or amount of one or more target sequences in the sample. Thus, PNA arrays may be useful in 
20 diagnostic applications or in screening compounds for leads which might exhibit therapeutic utility. 

For example, in a diagnostic assay a target sequence is captured by the complementary probe 
on the array surface and then the probe/ target sequence complex is detected using a secondary 
detection system. In one embodiment the probe/ target sequence cexnplex is detected using a second 
probe which hybridizes to another sequence erf the target molecule of interest. In another 
25 embodiment, a labeled antibody is used to detect, identify or quantitate the pres«ice of the 
probe/ target sequeru:e complex. 

Since the composition of the PNA Molecular Beacon is known at the location on the surface of 
the array (because the PNA was synthesized or attached to this position in the array), the 
composition of target sequence(s) can be directly detected, identified or quantitatcd by determining 
30 the location of detectable signal generated in the array. Because hybridization of the PNA 

Molecular Beacon to a target sequence is self-iodicatiitg, no secondary detection syst^ is needed to 
analyze fl»e array for hybridization between tiie PNA Molecular Beacon and the target sequence. 

Arrays comprised of PNAs have the additional advantage that PNAs are highly stable and 
should not be degraded by enzymes which degrade nucleic acid. Therefore, PNA arrays should be 
35 reusable provided the nucleic acid from one sample can be striped from the array prior to introduction 
of the second sample. Upon stripping of hybridized target sequences, signal on the array of PNA 
Molecular Beacons should again become reduced to background. Because f NAs are not degraded by 
heat or cndonudease and exonudease activity, arrays of PNA Molecular Beacon should be suitable 
for simple and rapid regeneration by treabnent wifli heat, nucleases or chemical denaturants such as 
40 aqueous sohitions containing f ormamide, urea and/or sodium hydrojdde. 
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Methods: 

In yet another embodiment, this invention is directed to a method for the detection, 
identification or quantitation of a target sequence in a sample. Hie method comprises contacting the 
sample with a PNA Molecular Beacon and then detecting, identifying or quantitating the change in 
detectable signal associated witti at least one moiety of a Beacon Set whereby correlation between 
detectable signal and hybridization is possible since PNA. Molecular Beacons are self-indicating. 
Because PNA Molecular Beacons are self-indicating, this method is particularly well suited to 
analysis performed in a closed tube assay (a.ka. "homogeneous assays"). By closed tube assay we 
mean that once the components of the assay have been combined, there is no need to open the tube or 
remove contents of the assay to determine the resvilt Since the tube need no^ and preferably will not, 
be opened to determine flie resxdt, there must be some detectable or measurable change which occurs 
and whidi can be observed or quantitated without opening ttie tube or removing the contents of the 
assay. Thus, most closed tuifae assays rely on a change in fktotesceivce which can be observed with the 
eye or otherwise be detected and/ or quantitated with a fluorescence instrument which uses the tube 
as the sample holder. Examples of such instrxmients include the light Cyder from Idaho 
Technologies and the Prism 7700 from Perkin Elmer. 

Preferred closed tube assays of this invention comprise the detection of nucleic acid target 
sequences which have been synthesized or amplified by operation of the assay. Non-limiting 
examples of preferred nucleic add synthesis or nucleic add amplification reactions are Polymerase 
Chain Reaction (PGR), Ugase CSvain Reaction (LCR), Strand Displacement Amplification (SDA), 
Transcription-Mediated Amplification (IMA), Rolling Cirde Amplification (RCA) and Q-beta 
replicase. The PNA Molecular Beacons present in the closed tube assay will generate detectable 
signal in response to target seqiience production from the nudeic add synthesis or nudeic add 
amplification reaction occurring in the closed ttibe assay. In a most preferred embodiment flie assay 
is an asymmetric PGR reaction. 

Because the PNA Molecular Beacons of this invention can be designed to be stable to the 
enzymes found in ttte cell, this method is particularly well suited to detecting a target sequence in a 
cell, tissue or organism, whether living or not. Thus, in preferred embodiments, in-situ hybridization 
is used as the assay format for detecting identifyir^ or quantitating target organisms. Most 
preferably, fluorescence in-situ hybridization (PISH or PNA-FISH) is the assay format. Exemplary 
methods for performing PNA-FISH can be found in: Thisted et al. Cell Vision, 3:358-363 (1996) or 
WIPO Patent Application W097/18325, herein incorporated by reference. 

Organisms which have been treated with the PNA Molecular Beacons of this invoition can be 
detected by several exemplary methods. The cells can be fixed on slidte and tiien visualized with a 
microscope or laser scanning device. Alternatively, the cells can be fixed and then analyzed in a flow 
cytometer (See for example: Lansdorp et al.; WIPO Patent Application; WO97/14026). Slide 
scanners and flow cytometers are particularly useful for rapidly quantitating the nxuriber of target 
organisms present in a sample of interest. 

Because the method of this invention may be used in a probe-based hybridization assay, flus 
invention will find utility in improving assays tised to detcrt, identify of quantitate the presence or 
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amount of an otganism or virus in a sample ttuou^ the detection of target sequences associated with 
the organism or virus. (See: United States Patent No. 5,641,631, entitled "Method for detecting, 
identifying and quantitating organisms and viruses" herein incorporated by reference). Similarly, 
this invention will also find utility in an assay used in the detection, identification or quantitation of 
one or more species of an organism in a sample (See United States Patent No. 5,288,611, entitled 
"Method for detecting, identifying and quantitating organisms and viruses" herein incorporated by 
reference). This invention will also find utility in an assay used to determine the effect of 
antimicrobial agents on the growth of one or more microorgaiusms in a sample (See: United States 
Patent No. 5,612,183, entitled "Mettvod for determining the effect of antimicrobial agents on growth 
using ribosomal nucleic add subunit subsequence specific probes" herein incorporated by reference). 
Hiis invention will also find utility in an assay used to determine the presence or amount of a 
taxonomic group of organisms in a sample (See: Uiuted States Patent No. 5^1,984, entitled "Method 
for detecting the presence of amount of a taxonomic group of organisms using specific r-RNA 
subsequences as probes" herein incorporated by reference). 

When performing the method of this invention, it may be preferable to use one or more 
unlabeled or independently detectable probes in the assay to thereby suppress the binding of the 
PNA Molecular Beacon to a non-target sequence. The presence of the "blocking probe(s)" helps to 
increase the discrimination of the assay and thereby improve reliability and sensitivity (signal to 
noise ratio). 

In certain embodiments of this inventioiv one target sequence is immobilized to a surface by 
proper treatment of the sample. Immobilization of the nucleic acid can be easily accomplished by 
applying ti\e sample to a membrane and then UV-crosslinking. For example, the samples may be 
arranged in an array so that the array can be sequentially interrogated with one or more PNA 
Molecular Beacons to thereby determine whefiier each sample contains one or more target sequence of 
interest. 

In still anottier embodiment^ the PNA Molecular Beacon is immobilized to a support and (tie 
samples are sequentially interrogated to tihercby determine whether each sample contaiiu a target 
sequence of interest In preferred embodiments, the PNA Molecular Beacons are immobilized on an 
array which is contacted with the sample of interest. Consequently, the sample can be 
simultaneously analyzed for the presence and quantity of numerous target sequences of interest 
wherein the composition of tihe PNA Molecular Beacrais are judiciously chosen and arranged at 
predetermined locations on the surface so that tt\e presence, absence or amount of particular target 
sequences can be unambiguously detennined. Arrays of PNA Molecular Beacons are particularly 
useful because no second detection system is required since PNA Molecular Beacons arc self-indicating. 
Consequently, tiiis invention is also directed to an array comprising two or more support bound PNA 
Molecular Beacons suitable for detecting, identifying or quantitating a target sequence of interest. 
Kits: 

In yet another embodiment, this invention is directed to kits suitable for performing an assay 
which detects the presence, absence or amount of one or more target sequence which may be present in 
a sample. The characteristics of PNA Molecular Beacons suitable for the detection, identiification or 
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quantitation of amount of one or more taxget sequence have been previously described herem. 
Furthennore, methods suitable for using the PNA Molecular Beacon components of a Idt to detect, 
identify or quantitate one or more target sequence which may be present in a sample have also been 
previously described herein. 

The kits of tius iavention comprise one or more PNA Molecular 6eac(sis and other reagents or 
compositions which are selected to perform an assay or otherwise simplify the performance of an 
assay. Preferred kits contain sets of PNA Molecidar Beacons, wherein each of at least two PNA 
Molecular Beacons of the set are used to distinetly detect and distinguish between the two or more 
different target sequences which may be present in the sample. Thus, the PNA Molecular Beacons of 
the set are preferably labeled with independently detectable moieties so that each of the two or 
more different target sequences can be incUvidually detected, identified or quantitated (a multiplex 
assay). 

IRyemplary Applications For Usin^r The Invention; 

Whether support bound or in solution, the methods, kits and compositions of this invention are 
particularly useful for the rapid, sensitive, reliable and versatile detection of target sequences 
which are particular to organisms which might be found in food, beverages, water, pharmaceutical 
products, personal care products, dairy products or environmental samples. The analysis of preferred 
beverages include soda, bottled water, fruit juice, beer, wine or liquor products. Consequently, the 
med:\ods, kits and compositions of this invention will be particularly useful for the analysis of raw 
materials, equipment, products or processes used to manufacture or store food, beverages, water, 
pharmaceutical products, personal care products, dairy products or environmental samples. 

Whether support bound or in solution, the methods, kits and compositions of this invention are 
particularly useful for the rapid, ser\sitive, reliable and versatile detection of target sequences 
which are particular to organisins which might be found in dinical swirorunents. Consequently, the 
methods, kits and compositions of this invention will be particularly useful for the aruilysis of 
dinical specimens or equipment, fixtures or products used to treat hmnans or animals. For example, 
the assay may be used to detect a target sequence which is specific for a genetically based disease or 
is specific for a predisposition to a genetically based disease. Non-limiting- examples of diseases 
ii^dude, ^-Thalassemia, sickle cell anemia, Factor-V Leiden, cystic fibrosis and cancer related 
targets such as p53, plO, BRC-1 and BRC-2. 

In still another embodiment, the target sequence may be related to a dm>mosomal DNA, 
wherein the detection, identification or quantitation of the target sequettce can be used in relation to 
forensic tedmiques such as prenatal screening, paternity testing, identity confirmation or dime 
investigation. 

Brief Description of the Drawings 

Figure A is an illustration of several possible hairpin configxirations of a PNA Molecular Beacon. 
Figure 1 is a graphical illustration of experimental data. 
Figure 2 is a graphical illustration of experimental data. 
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Figure 3 is a graphical illustration of experimental data. 

Figure 4A is an overlay of normalized fluorescence vs. temperature and absorbance vs. temperature 
plots for a labeled PNA/PNA bimolecular duplex. 

Figure 4B is an overlay of nonnalized fluorescence vs. temperature and absorbance vs. temperature 
plots for a labeled unimolecular PNA probe comprising a flexible linkage. 

Figtue 4C is an overlay of normalized fluorescence vs. temperature and absorbance vs. temperature 
plots for a labeled unimolecular PNA probe which is continuous from the N- to C-terminus. 
Figure 5 is a graphical lepxesentation of coaqiarative fluorescent melting signal to noise ratios. 
Figure 6 is an overlay of normalized absorbance vs. temperature plots for three similar PNA 
unimolecular probes. 

Figure 7A is a graphical illustration of data for PNA probes which exhibit a Type A Fluorescent 
Thermal Profile. 

Figures TBI, 7B2 and 7B3 are graphical illustrations of data for PNA probes which exhibit a Type B 
Fluorescent Thermal Profile. 

Figtire 7C is a graphical illustration of data for PNA probes which exhibit a Type C Fluorescent 
Thennal Profile. 

Figures 8A1, 8A2 and 8A3 are a graphical illustration of data for PNA probes which exhibit a Type 
A Hybridization Profile. 

Figure SB is a graphical illustration of data for PNA probes which exhibit a Type B Hybridization 
Profile. 

Figure 8C is a graphical illustration of data for PNA probes which exhibit a Type C Hybridization 
Profile. 

Figure 9 is an overlay of normalized fluorescence vs. temperature and absorbance vs. temperature 
plots for a the labeled imimolecular PNA probe .001. 

Figure 10 is a graphical illustration of signal to noise data obtairted by Hybridization analysis of 
PNA oligomers listed in Table 1. 

Modes For Canyii^ Out The Invention 

This invention is now illustrated by the following examples which are not intended to be limiting in 
any way. 

Example 1. Synthesis of N-a-(Fmoc)-N-g-fNH;VL-Lysine-OH 

To 20 mmol of N-a-(Emoc)-N-E-(t-boc)-L-lysine-OH was added 60 mL of 2/1 
dichloromethane (DCM)/trifluoroacetic add (TFA). Hie solution was allowed to stir until the terl- 
bulyloxycarbonyl (t-boc) group had completely been removed from the N-a-(Emoc)-N-e-(t-boc)-l^ 
lysine-OH. The solution was then evaporated to dryness and the residue redissolved in 15 mL of 
DCM. An attempt was then made to precipitate the product by dropwise addition of the solution to 
350 mL of ethyl ether. Because the product oiled out, fiie. ethyl ether was decanted and the oil put 
imder high vacuum to jrield a white foam. The white foam was dissolved in 250 mL of water and the 
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solution was neutralized to pH 4 by addition of saturated sodium phosphate (dibasic). A white solid 
formed and was collected by vacuum fUtratian. The product was dried in a vacuum oven at 35-40 °C 
overnight Yield 17.6 mmol, 88%. 

5 Example 2. Synthesis of N-a-fFmocVN-£-(dabcyn-L-I.ysine-OH 

To 1 mmol of N-a-{Fmoc)-N-e-(NH2)-L-Lysine-OH (Example 1) was added 5 mL of N J^'- 
dnnethylformamide (DMF) and 1.1 mmol of TEA. "IWs solution was allowed to stir until the amino 
acid had completely dissolved. - ""^ 

To 1.1 mmol of 4-((4-(dimethylamino)phenyl)azo)benzoic acid, succinimidyl ester (Dabcyl- 
10 NHS; Molecular Probes, P/N D-2245) was added 4 mL of DMF and 5 mmol of diisopropylefliylatnine 
(DIEA), To this stirring solution was added, dropwise, the N-a-(Fmoc)-N-e-(NH2)-L-Lysine-OH 
solution prepared as described above. Ute reaction wds allowed to stir ovemigiht and was then 
worked up. 

The solvent was vacuum evaporated and tiie residue partitioned in 50 mL of IXM and 50 mL 
15 of 10% aqueous citric acid. The layers were separated and the organic layer wadied witii aqueous 
sodium bicarbonate and again with 10% aqueous citric add. The organic layer was then dried with 
sodium sulfate, filtered and evaporated to an orange foam. Hie foam was crystallized from 
acetonitrile (ACN) and the crystals collected by vacuum filtration. Yield 0,52 mmol, 52%. 

20 p.xam ple 3. Synthesis of N-a-fPmocVN-e-fdabcvlVL-Lvsine-PAL-Peg/FS Synthesis Support 
The N-a-(Fmoc)-N-e-(dabcyl)-L-Lysine-OH (Example 2) was used to prepare a synthesis 
support useful for tive preparation of C-tenninal dabcylated PNAs. The fluorenyhneftioxycafbonyl 
(Fmoc) group of 0.824 g of commercially available Fmoc-PAL-Peg-PS synthesis support (PerSeptive 
Biosystems, Inc.; P/N GEN913384) was removed by treatment, in a flow through vessel, with 20% 
25 pipeiidine in DCM for 30 minutes. The support was then washed with DCM. Finally, the support 
was washed wifti DMF and dried with a flushing stream of argon. 

A solution contairung 0302 g N-a-(Fmoc)-N-e-(dabcyl)-L-Lysine-OH, 3.25 mL of DMF, 
0.173g (0-(7-a2abenzotriaol-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate (HATU), 0.101 
mLDIEA and 0.068 mL 2;6-lutidine was prq)ared by sequential comibination of ttie reagents. Hiis 
30 solution was fhen added to the washed synfliesis support and allowed to react for 2 hours. The 
solution was then flushed through the vessel with a stream of argon and the support washed 
sequentially with DMF, DCM and DMF. The resin was then dried with a stream of argon. 

The support was the treated wiflt 5 mL of standard commercially available PNA capping 
reagent (PerSeptive Biosystems, Inc., P/N GEN063102). The capping reagent was then flushed from 
35 the vessel and the support was washed with DMF and DCM. The support was then dried with a 
stream of argon. Finally, the syntitesis support was dried under high vacuum. 

Final ioadii\g of the support was determined by analysis of Fmoc loading of three samples of 
approximately 6-8 mg. Analysis determined the loading to be approximately 0.145 mmol/ g. 
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Ihis syn&esis support was packed into an empty PNA synOiesis coltinm, as needed, and iised 
to prepare PNA oligomers having a C-terminal dabcyl quenching moiety attached to the PNA 
oligoixter through the e-amino group of ttie C-tenninal L-lysine amino add. 

P.xample4. Synthegig Of PNA 

PNAs were synthesized using cammercially available reagents and instrumentation obtained 
from PetSeptive Biosystems, Inc. Double couplings were routinely performed to improve the qualify 
of the crude product. PNAs possessing a C-tenninal dabcyl moiety were prepared by performing tiie 
synthesis using the dabcyl-lysine modified synthesis support prepared as described in Example 3 or 
by labeling the N-e-amino group of the C-termirwl lysine residue while the PNA was still support 
bound as described in Example 10. All PNAs possessing both an N-teiminal fluorescein moiety, as. 
well as, a C-terminal dabcyl moiety were treated with the appropriate laibeling reagents and linkers 
(as required) prior to cleavage from the S3mthesis support. 

Example 5: Preferred Method For Removal Of The Fmoc Protecting Group 

The synthesis support was treated with a solution of 25% piperidine in DMF for 5-15 minutes 
at room temperature. After treatment, the sjmthesis support was washed and dried under high 
vacuum. The support was then treated with the appropriate labeling reagent and/or cleaved from 
the synthesis support 

Example 6: Synthesis of Huorescein-OI^inker 

To 7.5 mmol of N-{fert-butyloxycafbonyl)-8-ainino-3,6-dioxaoctanoic acid stiizing in 10 mL of 
DCM was added 50 mmol of TPA. The solution was stirred at room temperature until fl>e t-boc group 
was completely removed. The solvent was then removed by vacutim evaporation and the product was 
titxen resuspended in 10 mL of DCM. 

To this stirring solution was added, dropwise, a soluUon containing 73 mmol of Di-O- 
pivaloyl-5(6)-carboxyfluorescein-NHS ester, 30 mmol of N-methylmorpholine (NMM) and 20 mL of 
DCM. The reaction was allowed to run overnight and was then transfeirred to a separately fmmel in 
tiie morning. 

This organic solution was washed with aqueous 10% citric add two times and then dried 
with sodium sulfate, filtered and evaporated to a brown foam. The product was colimin purified using 
silica gel. A DCM mobile phase and stepwise methanol gradient was used to elute the product from 
the stationary phase. Yield 2.8g of foam whi<3i was precipitated by dissolution in a minimal amoimt 
of DCM and dropwise addition of fl\at solution to hexane. Yidd 2.32g white powder. The purity of 
tt»e product was not suitable for labeling so an additional reversed phase dvromatographic 
separation was performed on a sample of this material. 

One gram of the precipitated product was dissolved in 30 mL of a 50 mM aqueous 
trietixylanunoruum acetate (pH 7) containing 40% acetonitrile. This solution was then added to a 
pre-equilibrated 2g Waters Sep-Pack Vac 12 cc tC18 cartridge (P/N WAT043380) in 10, 3 mL aliquots. 
After the addition of all loading solvent, two 3 mL aliquots of 50 mM aqueous triethylanunonium 
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acetate (pH 7) containing 40% acetonitrile was loaded as a first wash. Two 3 mL ^quots of 50 mM 
aqueous triethylammonium acetate (pH 7) containing 60% acetonitrile was then loaded as a second 
wash. Finally, a single 3 mL aliquot of acetonitrile was used to elute materied remaining on the 
column. The eluent of each aliquot was collected individually and analyzed by HPLC for purity. 
The aliquols were vacuum evaporated and Ihe mass of each detennined. Fractions of suitable purity 
were redissolved in DCM, tiie fractions were combined and precipitated in hexane. Yield 0.232 g. 

Rxample 7: General Procedure For N-teontaal Labeling Of Support Bound PNA With 
Pluorescein-O-Linker 

For N-teiminal fluorescein labeling, Ave amino terminal fluorenylmethoxycarbonyl (Fmoc) 
group of several of flie fully assembled PNA oligomeis was removed by piperidine treatment and flie 
resin was washed and dried under vacuum. The resin was then treated for 20-30 minutes with 
approximately 300 fiL of a solution containing Q.07 M Huorescein-OLinker, 0,06 M (HATU), 0.067 M 
DIBA and 0.1 M 2,6-lutidine. After treatment flie resin was washed and dried under high vacuum. 
The PNA oligomer was then cleaved, deprotected and ptirified as described below. 

Example 8: Genera l Procedure For Labeling Of Support Bound PNA With 5f6V-arboxyfluoresQ»in- 

This meflwd was vised as an alternative to the procedure described in Example 7, for labeling 
PNAs witti 5(6)-carboxyfluorescein. This procedure requires that the N-tcrminus of ttie PNA 
oligomer be reacted with FmQC-8-amino-3,6-dioxaoctanoic acid prior to perfpnning the labeling 
reaction so fliat equivalent PNA constructs are prepared. The amino terminal 
fluorenylmethoxycarbonyl (Fmoc) group of the fully assembled PNA oligomer was removed by 
piperidine treatment and the synthesis support was washed and dried under vacuimi. The synthesis 
support was then treated for 4-5 hours at 37 ''C with approximately 300 nL of a solution containing 
0.1M 5(6)caiboxyfluorescein-NHS (Molecular Probes, P/N C-1311), 0.3M DIBA and 0.3M 2,6-lutidine. 
After treatment the ^thesis support was washed and dried under higji vacuum. The PNA digomer 
was then cleaved, deprotected and purified as described below. 

More preferably, flie synthesis support was then treated for 2-5 hovas at 30-37 °C wifli 
approximately 250 p.L of a solution containing 0.08M 5(6)carboxyfluorescein-NHS, 0.24M DIEA and 
0.24M 2,6-lutidine. 

Example 9: General Procedure Ppr T.ahding Of Support Bound PNA Witb R^fiVarhnvyflimresrein 
After proper reaction with linkers and removal of the terminal amine protecting group, the 
resin was treated wifli 250 (tL of a solution containing 0.5M 5(6)carboxyfluorescejn, 05M 
diisopropylcarbodiimide, 0,5M l-hydroxy-7-azabenzotria2ole (HOAt) in DMF (See: Wetoer et al., 
Bioorganic &r Medicinal Chemistry Utters, 8: 597-600 (1998). After treatment the synthesis support 
was washed and dried under high vacuum. The PNA oligomer was tiien cleaved, deprotected and 
purified as described below. 
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Nr»t«» on Fluorescein Labeling ; The fluorescein labeled PNAs described herein were prepared using 
several different procedures. The different procedxures have evolved to optimize fluorescein labeling 
conditions. At this time we prefer to use the procedure of Weber et aL for most fluorescein labeling 
operations. 

5 

Kvample 10: General Procedure For Dabcvl Labeling Of Thp NT-e-amino Gr oup Of Support Bound T ^ 

Lysine 

This procedure was used as an alten&ttive to using the prederivatized support when 
preparing dabcylated PNAs. Hiis procedure has the advantage that the lysine moiety (and 

10 therefore the attached dabcyl moiety) may be placed location in the polymer including within the 
probing nudeobase sequence. 

The resin (still in the synthesis colunm) was treated with 10 mL of a solution containing 1% 
trifluoroacetic acid, 5% triisopropylsUane (TIS) in dicWoromethane by passing the salution through 
the column over a period of iftpproximatdy 15 minutes. After treatment, the synthesis support was 

1 5 washed with DMF. Prior to treatment wifli labeling reagent flie support was neutralized by 

treatment with approximately 10 mL of a solution containing 5% diisopropylethylamine in DMF. 
After treatment, the support was treated with Dabcyl-NHS (as a substitute for 
5(6)caTboxyfluorescein-NHS in the procedure) essentially as described in Example 8. 

20 Note: This procedure was only perf oimed on PNA prepared uskig Fmoc-PAL-PEG/PS (PeiSeptive 
P/N GEN913384). It was not performed with fee more add labile Fmoc-XAL-PEG/PS (PerSeptive 
P/NGEN913394). 



Example 11: General Procedure For Cleavage, Deprotection and Purification 
25 The synthesis support (Fmoc-PAL-PEG/PS; P/N GEN913384) was removed from the synthesis 

cartridge, transferred to a Ultrafree spin cartridge (MilUpore Corp., P/N SE3P230J3) and treated 
wife a solution of TFA/m-cresol (eifeer of 7/3 or 8/2 (preferred)) for 1-3 hours. Hie solution was spun 
through fee support bed and again fee support was treated wife a solution of TFA/m-cresol for 1-3 
hours. The solution was again spun ferough fee support bed. The combined eluents (TFA/m-cresol) 
30 were then precipitated by addition of approximately 1 mL of diefeyl efeer. The precipitate was 
pelletized by centrifugation. The pellet was feen resuspended in efeyl efeer and pelletized hvo 
additiorwl times. The dried pellet was feen resuspended in 20% aqueous acetonitrile (ACN) 
containing 0.1 % TFA (additional ACN was added as necessary to dissolve fee pellet). The product 
was analyzed and purified using reversed phase chromatographic mefeods. 

35 

Note: Several PNAs were prepared using new product Emoc-XAL-PEG/PS synfeesis support (P/N 
GEN 913394) available from PerSeptive Biosystems, Inc. This support has fee advantage that fee 
PNA can be removed more rapidly and under more mildly add conditions. For PNAs prepared wife 
Fmoc-XALrPEG /PS fee support was treated as described above except that a solution of TPA/ m- 
40 cresol 9/1 was generally used for a period of 10-15 minutes (2x). 



wo 99/22018 



31 



PCT/US98y2278S 



Experiment 12: Analysis And Purification Of PNA Oligomers 

All PNA probes were analyzed and purified by reversed phase HPLC. Probe composition was 
confirmed by comparison with theoretical calcxdated masses. The crude products for PNA probes P3 
and P4 (Table 5) were prepurified using anion exchange chromatography prior to reversed phase 
HPLC purification. Aruon exchange chromatography generally improved ttie purity level to better 
than 70 percent Sephadex (Pharmacia Biotech) was used as the statiraiary phase and the mobile 
phase was 10 mM sodium hydroxide with a, sedium cMoride gradient 
HPLC Procedures: 

Generally, two different high performance liquid chromatography (HPLC) gradients were 
used to analyze and purify the PNA oligomers (Gradients A & B). Preparative purifications were 
scaled based on the analytical analysis conditions described in Gradients A & B. Gradient B was 
developed becatise initial purification using standard gradients (Gradient A) proved to be less than 
satisfactory. The experimental conditions are as described below except that some attempts were 
made to improve purifications by the addition of 20% f ormamide to ttve tunning buffers during some of 
the purifications. This procedure was abandoned since it did not appear to produce any beneficial 
results. Curiously however, careful review of the data suggested that the HPLC artifacts previottsly 
thought to correlate with the structure of certain probes (See: Provisional Patent Application No. 
60/063,283 filed on October 27, 1997) was also fomd to correlate with the presence of f ormamide 
during the purification. Therefore, no correlation is now bdieved to exist between structure of the 
PNA probe and the HPLC profiles observed for the purified oligomers, 
gy^dients A P 
Buffer A = 0.1 % TFA in water. 
Buffer B = 0.1 % TFA in acetorutrile. 
Flow Rate: 0.2 mL/min. 
Column Temperature: 60 "C 

Instrument: Waters 2690 Alliance: Control by Waters Millennium Software 
Stationary Phase: Waters Delta Pak C18, 300 A, 5 nin, 2 x 150 mm (P/N WAT023650) 
I>etection at 260 nm 

Gradient Profile A 



Time<mi«.) 


Perecnt Buffer A 


Percent Buffer B 


Curve 


0.00 


100 


0 


0 


4.00 


100 


0 


6 


22.00 


80 


20 


6 


38.00 


40 


60 


6 


40.00 


20 


80 


11 



aradiimt ProHle B 



Time (min.) 


Percent Buffer A 


Percent Buffer B 




0.00 


90 


10 


0 


40.00 


60 


40 


6 


50.00 


20 


80 


6 



Mass analysis: 
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Samples were aiudyzed using a linear Voyager Delayed Extraction Matrix Assisted Laser 
Desoq>ti<m lonization-Time Of Flight (DE N4ALDI-TOF) Mass spectrometer (PetSeptive Biosystems, 
Inc.). Sinipinic add was used as the sample matrix and also used as one point for calibration of the 
mass axis. Bovine insulin was used as an internal calibration standard for the second calibration 
5 point of the mass axis. 

Samples were generally prepared for analysis by first preparing a solution of sinipinic acid 
at a concentration of 10 mg/mL in a 1:2 mixture of acetonitrile and 0.1% aqueous trifluoroacetic add. 
Next, an insulin solution was prepared by disgtdving 1 mg of bovine insulin (Sigma) in 0.1% aqueous 
trifluoroacetic add. Finally, an iiwulin/matrix solution was then prepared by mixing 9 parts of the 
10 sinipinic add solution to 1 part of the bovine insulin solution. Samples were prepared for analysis by 
spotting 1 \iL of the insulin/matrix solution followed by spotting l\ih of diluted sample 
(approximately 0.1 to 1 OD per mL) onto the mass spectrometer target. The instrument target was 
allowed to dry before being inserted into the mass spectrometer. 

15 TAm.ES OP PNA OUGOMBRS PREPARED FOR STUDY 



TABLE 1: Probes Prepared To Evaluate PNA Molecular He acons (Hairpins) 



Probe 


CODE^ 


PNA Probe Sequence 


Desc 






N-terminal Arm Forming Segments 


.001 


5205 


Flu-0-TGG-AGO-OAC-GCC-ACC-AGC-TCC-AK(dabcyl)-NHi 


.007 


5105 


Flu-OTGG-AGO-ACG-CCA-CCA.GCT-CCA-K(dabcyl)-NHj 


.010 


5005 


Flu-C>-TGG-AGA-CGC-CAC-CAG-CTC-CAK(dabcyl)-NHj 


.002 


3203 


Flu-0-TGG-OOA-CGC-CAC-CAG-CTC-CAK(dabcyl)-NHi, 


.008 


3103 


Flu-0-TGG-OAC-GCC-ACC-AGC-TCC-AK(dabcyl)-NHi 


.009 


4004* 


Flu-0-TGG-ACG-CCA-€CA-GCT-CCA-K(dabcyl)-NHj 


C-terminal Arm Forming Segments 


.018 


7027 


Flu-O-ACG-CCA-CCA-GCT-CCA-0O-GTG-GCG-T-K(dabcyl)-NHi 


.OllA 


5025 


Flu-0-ACG-CCA-CCA-GCT-CCA-OOG-GCG-TK(dabcyl)-NHj 


.006 


3023 


Flu-OACG-CCA-CCA-GCT-CCA-OOC-GTK(dabcyl)-NHj 


Probing Sequence External to the Arm Sequences 


.017 


5115 


Flu-0-TAG-CA0-ACG-CCA.CCA-GCT-CCA-0TG-CTA-K(dabcyl)-NH2 


.005 


3113 


Flu-0-TAG-0-ACG-CCA-CCA-GCT-CCA-0-CTA-K(dabcyl)-NHj 


Control Probes; No Arm Forming Segments 


.003 


0000 


Flu-0-ACG-CCA-CCA-GCT-CCA-K(dabcyl)-NH2 


.004 


0110 


Flu-00-ACG-CCA-CCA-GCT-CCA-0K(dabcyl)-NH2 



1 . The CODE is a simple means to determine the length of the complementary nudeoibases at 



the amine and carboxyl termini of the PNA polymer and the number and location of any 8-amino-3,6- 
20 dioxaoctanoic add flexible linker uiuts. The probing nucleobase sequence is the same for all probes 

listed in the table. The first digit in the CODE represents the length of the N-terminal arm segment 
which is complementary to the C-terminal arm segment. The second digit in the CODE represents 
the number of flexible linker luiits which link the N-terminal arm to the probing nudeobase sequence. 
The third digit in the CODE represents the number of flexible linker imits which link the C-terminal 
25 arm to the probing nucleobase sequence. The fourth digit in the CODE represents the length of the C- 
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terminal arm segment which is complementary to the N-terminal arm segment. Consequently, the 
CODE can be used to visually compare the general structure of the different PNA oligomers listed in 
Table 1. 

2. A coincidental, 4 bp. overlap between the nucleobases at the amine and carboxyl termini are 
5 present in this construct instead of the directly comparable 3 bp. overlap. 

3. PNA sequences are written from the amine to the carboxyl terminus. Abbreviations are: Flu = 
5-(6)-carboxyfluorescein, dabcyl = 4-((4-(diinethylamino)phenyl)ato)benzoic acid, O = 8-amino-3,6- 
dioxaoctanoic add; K = the amino add L-Lysllie 

10 jExam ple 13: Synthesis Of PNA OUgonucleotides Prepared For Study 

For this study, biotin labeled DNA oligonucleotides suitable as nudeic acids comprising a 
target sequence which are complementary to the PNA probing sequence of the k-ras PNA probes were 
either synthesized using commercially available reagents and instnmientation or obtained from 
commercial vendors. All DNAs were purified by conventional methods. The sequences of ttie DNA 

1 5 oligonudeotides prepared for Examples 14-20 are illustrated in Table 2. Methods and compositions 
for the synthesis and purification of synthetic DNAs are well known to ttiose of ordinary skill in the 
art. 



Table 2: 


Dm Tercels 




Description 


1 Target DNA Sequence 


1 


wt k-ras 


Biotin-GTG-GTA-GTr-GGA-GCT-SGT-GGC-GTA 


Seq. Id. No. 1 


mu k-ras 


Biotin-GTG-GTA-GTT-GGA-GCT-TGT-GGC-GTA 


Seq.Id.No.2 


Uxxiv. Comp. 


Biotin-ACT-CCT-ACG-GGA-GGC-AGC 


Seq. Id. No. 3 



20 The difference between ttie wild type (wt) and mutant (mu) target sequences is only a single base (a G . 
to T point mutation. The position of the point mutation is depicted in bold underlined script These 
nucleic add targets are illustrated from the 5' to 3' terminus. 

Initial Experimental Analysis Of PNA Molecular Beacons 
25 In the initial esqjeritnents tising a fluorescence detection instrument and PNA oligomers .001 

and .002, it was determined that the PNA constructs have very Uttle intrinsic fluorescence at room 
temperature. However, upon hybridization of eiflier PNA oligomer to its complementary target 
sequence, an increasing fluorescent signal was observed. 

30 Kxam ple 14: Hybridization Experiments 

Amoimts of PNA oligomer and target DNA used in this experiment are recorded in Table 3. 
The PNA oligomer and /or the target DNA was mixed in 20 pi of Hybridization Buffer (50 mM Tris- 
HCl, pH 8.3; 100 mM NaQ) and heated to 95 °C for 10 minutes. After cooling slowly to room 
temperat\ire, the mixture was diluted to a total volume of 4 mL (voL needed in cuvette for 

35 measurement). Control samples containing Hybridization Buffer {Hyb. Buffer) and Hbs individual 
DNA or PNA oligomers were also examined under identical conditions. Additionally, a fluorescein 
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labeled PNA without quencher or arm forming segment was included (Flu-OO-ACG-CCA-CCA-GCT- 
CC A-NH2/ "F-PNA")- The experimental measurements which were recorded are reproduced in 
Table 3. 

With reference to Table 3, there was a low backgroimd fluorescence from the individual 

5 components of the test system (e.g. hybridization buffer, single stranded DNA, and PNA oligomers). 
When target DNA and PNA oligomer was mixed and allowed to hybridize, a significant increase in 
fluorescent signal was detected. Moreover, flie intensity of fluorescent signal varied as the illative 
concentrations of tiie target DNA and PNA oHgomer was altered. Consequently, the data 
demonstrates flxat hybridization of the PNA oligomers to the complementary DNA target generated 

1 0 very intense fluorescent signal. 

The signal obtained using PNA oligomer .002 (3 bp. stem) was between 29 and 83 % higher 
than the signal observed for the PNA oligomer .001 (5 bp. stem) (Compare: data in rows 2, 7 and 12 
with data in rows 1, 6 and 11). However, as demonstrated by the greater fluorescent intensity 
observed for the ccmtrol probe (F-PNA), tiie presence of ttie quenching moiety attached to the PNA 

15 oligomer results in a s^nificant quenching effect (Compare: data in rows 3, 13 and 16 wifti data in 
rows 1-2, 6-7 and 11-12). Because &e fluorescence of ttie control probe F-PNA was so intense, it was 
diluted to obtain fluorescent signal which was comparable in intetxsity to the data obtained vising a 
PNA oligomer having an linked dabcyl quencher moiety. Specifically, the signal obtained with the 
fluorescein labeled control PNA oligomer (F-PNA) was approximately two to three times the 

20 greatest intensity of flie signal generated from the PNA oligomers contairiing a quencher moiety. 



Table 3 



Row No. 


Assay Components 




Ex. L(490) 
521 nm 


1 


wt k-ras DNA/PNA .001 
wt k-ras DNA/PNA .002 
wt k-ras DNA/F-PNA 
PNA .001 
PNA .002 


125/25 


300 


2 


125/25 


447 


3 


12.5/2.5 


87 


4 


25 


1 


5 


25 


1 










6 


wt k-ras DNA/PNA .001 
wt k-ras DNA/PNA .002 
wt k-ras DNA/F-PNA 
PNA .001 
PNA .002 


25/25 


189 


7 


25/25 


345 


8 


12.5/12.5 


423 


9 


25 


1 


10 


25 


1 










11 


wt k-ras DNA/PNA .001 
wt k-ras DNA/PNA .002 
wt k-ras DNA/F-PNA 
PNA .001 


25/125 


353 


12 


25/125 


455 


13 


2.5/125 


373 


14 


125 


25 


15 


PNA .002 


125 


38 










16 


wt k-ras DNA/F-PNA 


12.5/12.5 


423 


17 


wt k-ras DNA 


125 


-3 


18 


Hybridization Buffer 




-5 
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Example 15: Titration of PNA OUyomer With Nucleic Acid Targ^et 

In another experiment, SO pmol of PNA oUgomeis .001 and .002 were mixed with differing 
amounts of nucleic acid target (0-200 pmol) in a total volume of 20 of Hyb. Buffer. The mixtures 
were then heated to 95 °C for 10 minutes and cooled slowly to ambient temperature. The samples 
were diluted into a total voltmie of 4 mL and excitation/ emission at 493 /521.6 nm was recorded using a 
RF-5000 spectrofluorophotometer (Shimadzu). Results are illustrated graphically in Figure 1. 

With reference to Hgurc 1, the fluorescent signal generated from the sample continuously 
increased vn&i the addition of target secjueace^until a concentration of 40 - 60 pmol was present (50 
pmol PNA oUgomer was used in the assay). There was no significant increase In fluorescent signal as 
Qxe amount of target sequence was increased between 60-200 pmol. Consequently, the data 
demonstrates that the signal generated in proportional to the amount of target sequence added, 
thereby indicating that the production, of the signal was caused by (tie hybridization of the PNA 
oligomer to the target nucleic add. 

15 p.xam ple 16: Kinetics Of Hybridization For PNA Molecular Beacons 

In this experiment, 100 pmol (5 jiL of 20 pmole/jxL) of wt k-ras DNA (ssDNA oligonucleotide) 
was mixed with 4 mL Hybridization Buffer in a cuvette and adjusted to ambient temperature. Next, 
50 pmol (2.5 nL of 20pmole/nL) of PNA oligomer .002, was added and the excitation/emission at 
493 /521.6 run was recorded RF-5000 spectrofluorophotometer (Shimadzu). The data obtained is 
20 graphically illustrated in Figure 2. 

With refereiKe to Figure 2, flie results demonstrate ttiat the PNA Molectilar Beacon 
hybridizes to the target DNA present in tiie sample to fiieteby generate a fluorescent signal with 
measurable kinetics. Hie generation of fluorescent signal occurred with an initial rate of 7.2 relative 
light units (rlu)/minute. After 120 minutes of hybridization the signal was 595 rlu. The kinetic 
25 profile of die increase in fluorescent intensity is strongly indicative of hybridization of the PNA 
oligomer to tite target nucleic acid. 

Kvam pIP 1 7: Hvbridiwirion Related To The Compositictti Of The PNA Target 

In this experiment, 50. pmol of either wt k-ras or mu k-ras DNA, in hybridizaticm bu&er, was 
30 mixed with 50 pmol PNA Molecular Beacon .001 in hybridization buffer. As a control, 50 pmol of a 
totally unrelated target DNA oligonucleotide, mixed with 50 pmol of PNA Molecular Beacon .001, 
was also «camined (Univ. Comp., See: Table 2). Exdtation/emission at 493/521.6 nm was recorded 
was recorded RF-5000 spectrofluorophotometer (Shimadzu). The results are presented graphically 
in Figure 3. 

35 Wittx reference to Figure 3, the increaang fluoresamt intensity observed when mixing PNA 

.001 and ttie complementary target sequence demonstrates that the PNA Molecular Beacon 
hybridized to its perfect complement wt k-ras DNA. The rate of fluorescent signal generation and 
the maximal fluorescent signal generated was significantly lower for the sample when the non- 
complementary mu fc-ras DNA (having a single point mutation as compared with the wild type 

40 target) was substituted in the assay. Furthermore, mixkig a totally unrelated nucleic acid sequence 
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(Univ. Comp) with PNA Molecular Beacon .001 did not produce ax\y fluorescent signal, even after 
heating the sample to 95 "C. Consequently, the data strongly demonstrates that the generation of 
the fluorescent sigiul in the assay was directly related to the sequence specific interactions between 
the PNA Molecular Beacon and the nucleic acid present in the sample. 

5 

Kxample 18 : Effect Of Blocking Probes On Sequence EHscrimination 

This ejqieriinent was designed to increase discrimination of ttw PNA oligomer .001 by 
introdudiig some unlabeled •flocking PNA* trHo the hybridization mixture. This ^blocking PNA" 
has a sequence complementary to the mu k-ras DNA and should, therefore, effectively compete with 
10 the labeled PNA oligomer .001 for binding to the ncoi-target mu k-ras DNA. The unlabeled "blocking 
PNA" had the sequence: 



Blocking PNA: H-ACG-CCA-CAA-GCT-CCA-NHj 



15 In ttds ejqperiment, 50 pmol of wt k-ras or mu k-ras DNA was mixed with 50 pmol PNA 

oUgomer .001. To one pair of rcactiorw was added 500 pmol "blocking PNA" (data in Table 4, row 2). 
The samples were heated to 95 °C and then cooled slowly to RT. Excitation/emission at 493/521.6 run 
were recorded. The resxilts obtained are reproduced in Table 4. 

With reference to Table 4, in the absence of blocker PNA there is a 2 fold difference 

20 (discrimination factor) between the fluorescent signal generated when the PNA oligomer hybridizes 
to the perfecfly complementary wt k-ras DNA as compared with signal generated upon 
hybridization to norv-complementary mutant k-ras DNA (single point mutation). Addition of 
"blocking PNA" increcises the discrimination of the assay by approximaitdy 10 fold (Compare data 
in Table 4, the discrimination factor (DF) is increased to 19.6 from 2). This increase in discrimination 

25 occurred despite an approximately 50% reduction in the signal generated by hybridization to ttie 
com|>lementary wt k-ras DNA. However, as demonstrated by aiudysis of ttie data in Table 4, 
hybridization of the PNA probe to the non-complementary mu k-ras DNA was effectively 
eliminated in tiie presence of the Ijlocking PNA". Consequently, the data again strongly fllustrates 
fliat the generation of fluorescent signal was directly related to the sequence specific hybridizatian 

30 of the nucleic add to the PNA oligomer. The data furflier demonstrates the utility of usiitg blocking 
probes to enhance sequence discrimination in nucleic add hybridization assays when utili2ang PNA 
Molecular Beacons. 



Table 4 



Row No. 


Conditions 


wt k-ras DNA/ 
PNA .001 


mu k-ras DNA/ 
PNA .001 


DF 


1 


0 pmol Blocking PNA 


541 


271 


2 


2 


500 pmol Bloddng 
PNA 


255 


13 


19.6 



CondusionsP rom The Initial Rxperimental Data: 
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PNA Molecular Beacons can be prepared. They have low intrinsic fluorescent intensity until 
hybridized to a compleinenteury or substantially complementaiy target nudeic add. Non-specific 
interactions can be eliminated, if desired, using a "blocking PNA". Thus, we have demonstrated that 
it is possible to prepare functional PNA Molecular Beacons which exhibit a good specificity which 
5 can be fiurther enhance by the application of "blocker probes". Consequently, the PNA oligomer 

constructs investigated in these initial experiments demonstrate the effective use of PNA Molecular 
Beacons in probe-based hybridization assays. 

i^yam ple 19: Structural Aiwlysis of PNA Hairpins and Multimers 

10 The reference entitled "Hairpin-Forming Peptide Nudeic Acid Oligomers", Armitage et al., . 

Biochemistry, 37: 9417-9425 (1998) is admitted as prior art to this Example 19 only. It has been 
recently reported in the scientific literature that PNAs form hairpin structures (See: Armitage el 
al.). Using the hairpin forming PNA (referred to as "PNAl" in the refereaice (See: Scheme 3: col. 1, p. 
9419), hereinafter referred to as "PNAD") described in the literature as a model, numerous PNA and 

1 5 analogous DN A oligomers were prepared and tiieir properties examined in order to obtain a basis for 
undeistanding the physical behavior of PNA hairpins and multimers. We anticipated this would 
allow us to better interpret the results reported in our priority application (USSN 08/958532). The 
data presented in this Example 19 demonstrates that PNA hairpins will form if designed to have 
long stems (e.g. 9 subunits). However PNA hairpins having shorter stems (e.g. 6 subunits) do not form 

20 hairpins as readily as their DNA counterparts. Furthermore, applicants have observed that the 
formation and stability of a PNA hairpin is not substantially affected by the presence or absence of 
magnesium or the ionic strength of the buffer as are DNA hairpins (See Tyagi et al. Nature 
Biotechnology, 14: 303-308 (1996) at p. 305, col. 1, Ins 1-16). Nevertheless, PNA hairpins having stem 
duplexes of 9 subunits in length exhibit poor signal to noise ratios (less than 4 to 1) upon melting and, 

25 contrary to the findings of Armitage et al., do not appear to substantially hybridize to 

complementary nudeic add. Consequently, PNA hairpins whidi have long stems (e.g. 7 or greater 
subunits), do not appear to be ideally suited for the arwlysis of nudeic adds. 

30 Probes 

PNAs were prepared and purified as described herein. Labeled and unlabeled DNA 
oligonudeotides were synthesized using commerdally available reagents and instrumentation. 
Dabcylated DNAs were prepared using the dabcyl synthesis support available from Glen Research 
(P/N 20-5911) and other commercially available DNA reagents and instrumentation. The Fhioredite 

3 5 phosphoramidite (PeiSeptive Biosystems, Inc., P/N GEN080U0) was used to label DNAs with 

5(6)carboxyfluorescein. All DNAs were purified by conventional mea»ods.*Ihe DNA and PNA probe 
con^ositions are presmted in Table 5. Tm data for DNA probes is summarized in Table 6 and the Tm 
data for PNA probes is summarized in Table 7. Tm data for both the melting "M" and the reaimeaUrvg 
"R" is presented in Table 6 and 7. 

40 Preparation of DUution Series of PN A an d DNA Pl fe f or T m a naly sis 
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Purified PNA probes were dissolved in 1:1 DMF/Hp at 0.05 OD (260 nm ) per 20 pL to 
prepare the PNA Probe Stock. Pvirified DNA probes were dissolved in 4:1 HjO/acetoiutriie at 0.05 
OD (260 nm) per 20 jiL to prepare the DNA Probe Stock. Based on calculated extinctioa coefficients, 
the appropriate amount of PNA Probe Stock or DNA Probe Stock was added to 5 mL of Tm Buffer (10 
5 mM sodium phosphate, pH 7.0) to prepare a solution of approximately 7.5 jiM of the one or two 

oligomers needed to perform the Tm analysis of the unimolecular or bimolecular system. From this 
solution was taken 2.5 mL which was added to Z5 mL of Tm buffer to thereby prepare the second 
concentration of a dilution series of Tm Samptee. The remaining 2,5 mL of the first sample was used 
for Tm analysis. Serial dilution the samples in Tm Buffer was continued in this fashion until 2.5 mL of 
10 Tm Samples at concentrations of approximately /JSfiM, 3.75 pM, 1.87 vM, 0.94 jiM and 0.468 jiM (5 
mL) were prepared. A Tm analysis of these solutions was flien performed as described below. 
Tm Analysis 



15 be analyzed were amultaneously examined using a Caiy 100 Bio UV-Visible Spectrophotometer 
(Varian Instruments) equipped with a 6x6 thermostatable multicell block runiUng Win UV Bio 
application software package. To a 10x10 UV cell (Stama Cells, P/N 21-Q-lO) was added a 7.2 mm 
stir bar and the 2.5 mL of each sample of the dilution series. The stirring accessory was used during 
all analysis. All samples were thermally denatured and reannealed prior to data collection by 

20 having the instrument rapidly ramp the temperature to a point above the melting temperature and 

then holding that temperature for 5-10 minutes before returning to the starting temperature. Data for 
both dissociation and reannealing was collected and analyzed. The temperature range over which 
data was collected was varied in response to the expected Tm which was roughly determined during 
the premelt and prereannealkig step. Regardless of the temperature range, the temperature ramp 

25 rate for botti dissociation and reannealing was always 0.5°C/min. The absorbance (260 nm, averaged 
over a 3 second collection) was plotted vs. the temperature of the multicell block. 



After the Tm analysis was performed ni Tm Buffer, to eadi cell was added 05 [iL of 5M MgCl^ 
to thereby prepare a sample containing 1 mMMgOj. The dilution effect was considered to be 
30 negligible. The Tm analysis was then performed again to determine whether the presence of MgClj 
had any effect on the Tm of the unimolecular or bimolecular system. 



After the Tm analysis was performed in Tm Buffer and 1 mM MgClj, to each cell was added 42 
jlL of saturated NaCl (approximately 6.11 M/L). The dilution effect was again considered to be 
35 negligible. The Tm analysis was tihen performed again to determine whether ti\e presence of 



^. Tm Buffer. 

The five Tm Samples of a dilution series of a particular unimolecular or bimolecular system to 



2. 





approximately 100 mM NaCl had any effect on the Tm of the imimolecular or bimolecular system. 
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fjesuUs and Discussion: 

Wifli reference to Table 5, the sequences of complementary labeled PNA probes PI and P2 are 
illustrated. These probes hybridize to form a 9 subimit duplex identical to the stem duplex formed in 
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PNA hairpins, P3 and P4. Therefore, PI and P2 form a bimolecular system for comparison with the 
tinimokcular PNAs, P3 and P4. Probes P3 eaad P4 differ only in ttiat tiie subunits which form a»e loop 
of P4 have been replaced with flexible linkages in P3. Unlabeled versions of all four PNA probes 
have likewise been prepared so as to understand the effects of labels on Tm. In Table 5, the xmlabeled 
probes are designated with an "N" for no label 

Also prepared for comparison is the PNA probe "PNAD" which Armitage et al. teach will 
form a hairpin. Applicants have also prepared a version of the PNAD probe which possess arm 
segments of 6 subunits (PNAD 6S) as compar^wifh flie 9 subunits self complementary arm segments 
of the PNAD probe. The PNA probe P5 is complementary to the DNA probe D5B. This bimolecular 
complex was prepared to determine its Tm since Armitage et al. teach that this short 12-mer nucleic 
acid sequence will hybridize to the PNAD probe fliereby opeiung the 9 subunit stem. 
Tahln 5: 



Probe Sequence 




Seq. 






ID 


Peptide Ntideic Probes 



Flu-O-ATA-TAT-TGG-EB-NHj 

Ac-O-ATA-TAT-TGG-EE-NHj PIN 

Ac-EE-CCA-ATA-TAT-K(dabcyl)-NH^ P2 

AC-EB-CCA-ATA-TAT-NH2 P2N 

Flu-OEE-ATA-TAT-TGG-OOCCA-ATA-TAT-EE-K(dabcyl)-NH2 P3 

H^-OEE-ATA-TAT-TGG-OO-CCA-ATA-TAT-EEK-NHi P3N 

Flu-OEB-ATA-TAT-TGG-CTG-ATC-CAA-TAT-AT-EE-K(dabcyl)-NHj P4 

H2N-OEE-ATA-TAT-TGG-CTG-ATC-CAA-TAT-AT-EBK-NH2 P4N 

HjN-ATA-TAT-TGG-CTG-ATC-CAA-TAT-AT-KK-NHj PNAD 

H2N-TAT-TGG-CTG-ATC-CAA-TA-KK-NH1 PNAD 6S 
H^N-TTG-GCT-GAT-CCA-NH; 



Synthetic Oligodeoxyntideotides 




1 Seq. Id. No. 


Hu-ATA-TAT-TGG-OH 


Dl 


Seq. Id. No. 4 


HO-ATA-TAT-TGG-OH 


DIN 


Seq. Id. No. 5 


HO-CCA-ATA-TAT-(dabcyl) 


D2 


Seq. Id. No. 6 


HO-CCA-ATA-TAT-OH 


D2N 


Seq. Id. No. 7 


Hu-ATA-TAT-TGG-(spacer)-CCA-ATA-TAT-dabcyl 


D3 


Seq. Id. No. 8 


HOATA-TAT-TGG-(spacer)-CCA-ATA-TAT-OH 


DSN 


Seq. Id. No. 9 


Flu-ATA-TAT-TGG-CTG-ATC-CAA-TAT-AT-dabcyl 


D4 


Seq, Id. No, 10 


HOATA-TAT-TGG-CTG-ATC-CAA-TAT-AT-OH 


D4N 


Seq. Id. No. 11 


Bio-TGG-ATC-AGC-CAA-OH 


D5B 


Seq. Id. No. 12 


HO-ATA-TAT-TGG-ATC-AGC-CAA-TAT-AT-OH 


D6 


Seq. Id. No. 13 



PNA sequences are written ttmn the amine to fhe caiboxyl terminus. DNA sequences are written from 
the 5' to 3'. Abbreviations are: Hu = 5-(6)-carbo5yfluorescein, dabcyl = 4-((4- 
(dimethylamino)phenyl)azo)benzoic add, O = 8-ainino-3;6-dioxaoctanoic add; K = the amino acid 
L-Lysine and "B" is the Solubility Enhancer "compound "4" which has been described in: Gildea et 
al., Tett. Lett 39 (1998) 7255-7258. The "spacer" used for the DNAs was commercially available C3 
spacer phosphoramidite Glen Research (P/N 10-1913 ). 



20 Wifh reference to Table 5, the sequences for the synthetic oligodeoxynudeotides prepared for 

examination are also illustrated. DNAs whidv were conceptually the most equivalent labeled and 
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milabeled versions of PI, P2, P3, P4, PIN, P2N, P3N and P4N were prepared for comparison. As 
discussed, D5B is a complement to P5 and D6 is the complement to D4, P4 an.d PNAD. 



Table 6: 





UV Tm Analysis 




tu 


[2] 


t3l 


[4] 


[5] 


j Probes (Conditions) | 


M 1 R 


M 1 R 


M 1 R 


M 1 R 


M 1 R 


D1N/D2N (Buf) 
D1N/D2N (Buf,Mg) 
D1N/D2N (Buf,Mg&:Na) 


17.1 16.8 
22.3 21.7 


14.6 14.8 
-20.7 18.9 


14.0 13.4 
19.0 18.2 


<10 <10 
11.4 11.7 
15.0 15.0 


<10 <10 
<10 <10 
14.2 13.4 


D1/D2 (Buf) 

Dl/D2(Buf,Mg) 

Dl/D2(Buf,Mg&Na) 


15.0 14.8 

24.1 23.8 
29.0 28.4 


13.5 13.3 
22.0 21.8 
27.5 26.4 


12.0 12.9 
21.0 20.9 
26.0 25.5 


11.5 9.9 
19.5 19.9 
23.4 23.0 


<10 <10 
16.5 17.9 
21.4 20.0 


D3N (Buf) 
D3N (Buf, Mg) 
D3N (Buf, Mg & Na) 


40.0 40.5 
44.6 44.7 

48.1 48.3 


40.5 40.5 

44.6 45.3 
48.6 48-8 


40.5 40.5 

44.6 44.8 
49.0 49.4 


40.5 41.2 
45.5 45.4 
48.5 49.5 


40.5 41.2 
45.5 44.9 
48.0 48.6 


D3(Buf) 

D3 (Buf, Mg) 

D3 (Buf,Mg&Na) 


43.7 43.6 
50.6 49.9 
54.1 53.8 


44.3 44.1 
50.6 49.9 
55.6 53.8 


44.3 44.6 
51.1 50.5 
54.6 54.0 


43.9 44.0 
51.0 60.5 
54.5 54.5 


43.9 44,0 
51.5 51.1 
54.5 54.1 


D4N (Buf) 
D4N (Buf, Mg) 
D4N (Buf, Mg & Na) 


41.6 41.7 
51.6 51.2 
54.1 54.4 


42.1 42.2 
52.1 52.3 
55.1 54.9 


42.5 42.3 
52.5 52.4 
55.1 55.0 


42.5 42.8 
52.5 53.5 
55.0 55.0 


42-0 43.4 
52.5 53.0 
55.0 55.1 


D4 (Buf) 

D4 (Buf, Mg) 

D4(Buf,Mg&Na) 


45.2 43.4 
54.6 53.9 
57.1 56.5 


45.6 44.9 
55.5 55.0 
57.5 57,5 


45.6 45.0 
55.5 55.0 
58.0 57.5 


45.5 44.5 
54.5 54.1 
58.5 57,6 


45.5 44.1 
55.0 54.6 
58.0 57.6 



5 With reference to Table 6, the Tm for the labeled and \jnlabeled bimolecular systems D1/D2 

and D1N/D2N, respectively, are craicentration dependent as can be seen by the 8-10°C difference 
between the most and least concentrated samples where Tm data is available. The low and 
tmmeasurable Tm values uitder conditions of low ionic strengiii ace expected for such a short nud^c 
add duplex. However, there is a remarkable stabilizing effect of approximately 7°C due to the 

10 presence of the dabcyl/fkiorescein labels as can be seen by comparison of the Tm values at all 
concentrations and under all conditions examined. This was a very surprising result. 

The Tm of labeled (D3 and D4) and unlabeled (D3N and D4N) unimolecular probes exhibited 
a concentration independent Tm. Consequently, the data indicates that these DNAs exist as hairpiiis 
in solution. As taught by Tyagi et al., the hairpin stem duplex of these DNA probes is substantially 

15 stabilized by bofti the addition of magnesium and an increase in ionic strength (See: Tyagi et aL 
Nature Biotedmology, 14: 303-308 (1996) at p. 305, Ins. 1-16). Surprisingly the stem duplex D4 
(which contained a polynucleotide loop) was more stable under all conditions examined than was tihe 
stem duplex of D3 which contained a flexible linkage. Also noteworthy is the stabilizing effect 
attributable to the fluorescein/dabcyl pair. For D4 the stabilizing effect is approximately 3-4"C 

20 whereas it is approximately 5-6°C for D3. Thus, the data indicates that as the Tm of the stem duplex 
increases there is less of a stabilizing effect attributable to the dabcyl/fluorescein interactions. 
Neverflieless, this observation is very surprisii\g and suggests that the interaction between the dyes 
is very strong. 
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Table 7: 





UV Tm Analysis 




,11]. . 





13] 


141 


[51 




M 1 R 


M 1 R 


M 1 R 


M j R 




P1N/P2N (Buf) 
P1N/P2N (Buf, Mg) 
P1N/P2N (Buf, Mg & Na) 


57.1 56.5 
57.1 56.4 
57.6 57.0 


55.0 54.6 

55.1 54.5 
55.4 55.1 


53.0 52.6 
53.0 53.0 
53.5 53.1 


51.5 50.6 
51,0 50.5 
52.0 51.1 


48.5 48.7 
49.0 48.6 
49.5 49.2 


Pl/P2{Buf) 

Pl/P2(Buf,Mg) 

Pl/P2(Buf,Mg&Na) 


61.1 60.4 
61.1 60.4 
61.5 60.9 


59.1 58.5 
59.1 59.0 
59:fr 59.5 


57.0 57.0 
57.5 57.0 
58.0 57.0 


55.5 54.5 
55.5 55.0 
56.0 55.5 


51.5 52.6 
52.5 53.1 
54.0 53.6 


P3N (Buf) 
P3N (Buf, Mg) 
P3N (Buf, Mg & Na) 


82.6 82.3 
83.1 82.4 
83.1 82.9 


82.5 82.4 
83.1 81.9 
83.1 81.4 


83.0 82.4 
83.0 82.5 
83.5 82.9 


83.0 82.5 
83.0 83.1 
83.5 83.0 


83.0 82.6 
83.0 82.6 
83.5 83.1 


P3(Buf) 

P3(Bvif,Mg) 

P3 (Buf, Mg & Na) 


82.1 81.9 
82.1 81.8 
83.1 82.9 


82.6 82.0 
82.1 81.8 
83.5 83.0 


82.6 82.0 
82.5 82.4 
84.0 83.0 


83.0 82.6 
82.5 82.0 
83.5 83.0 


8i0 81.6 
83.0 83.5 
83.5 nd 


P4N (Buf) 
P4N (Buf, Mg) 
P4N (Buf, Mg & Na) 


81.6 81.4 
81.6 81.3 
82.1 82.3 


82.1 81.5 
81.6 81.3 
82.1 82.3 


82.1 81.5 
82.1 81.4 
82.5 nd 


82.5 81.1 
82.0 nd 
82.0 82.0 


82.0 80.1 
82.0 81.1 
84.0 81.6 


P4 (Buf) 

P4(Buf,Mg) 

P4 (Buf, Mg & Na) 


81.6 80.9 
81.6 81.0 
82.6 81.8 


81.6 81.4 
81.6 81.5 
82.6 82.4 


82.1 81.5 
82.0 81.5 
82.6 82.5 


82.0 81.5 
82.0 81.1 
82.5 82.5 


81.5 81.1 
82.0 81.6 
83.0 82.1 


PNAD (Buf) 
PNAD (Buf, Mg) 
PNAD (Buf, Mg & Na) 


81.1 80.4 
80.6 80.3 
80.6 80.4 


81.1 81.0 
81.1 80.4 
81.5 nd 


82.0 81.0 

81.1 80.4 
81.0 B1.4 


81.5 81.5 
80.5 81.0 
81.5 80.5 


81.5 81.1 
80.5 80.5 
82.1 80.6 


PNAD6S (Buf). 


75.0 74.6 


75.0 74.1 


74.5 73.5 


73.5 65.5 


67.5 57.5 



With reference to Table 7, Tm data for the PNA constructs is presented. The Tm values for 
the PNAs are substantially higher than for the comparable DNAs. Both the labeled (P1/P2) and 

5 unlabeled (P1N/P2N) bimolecular systems exhibited Tms which were concentration, dependent as is 
evident by flie 8-10°C difference in Tm between flie most and least concentrated samples. Again there 
was a increase of approximately 3-4°C in Tm which was attributable to the presence of the 
fluorescein/dabcyl moieties. Though clearly dependent upon concentration, the stability of the 
duplexes were not substantially affected by the presaace or absence of magnesium or the ionic strength 

10 of the buffer since there was no substantial difference in Tm under any of the three conditions 

examined. Most importantly no substantial hysteresis was observed in tt»e analysis of labeled or 
unlabeled PNA bimolecular systems even at the lowest concentration exanwied. The lack of 
hysteresis indicates that the duplex ref onus readily. 

For comparison fluorescence analysis of the least concentrated sample of the P1/P2: 

15 bimolecular system was performed. The least concentrated sample (sample at [5) which had 1 mM 
MgOj and 100 mM NaQ) was analyzed for fluorescence essentially as described in Example 20, 
below, except that excitation was at 415nm and emission was recorded at 520 run. Normalized data 
for fluorescence vs. temperature and absotbanoe vs. temperature are overlaid in Figure 4A, Hiough 
the shape of the curves is similar the data is not superimposible. A similar result was observed when 

20 the absorbance vs. tenperatuie and fluorescence vs. temperature data for the D1/D2 system was 
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overlaid (data not shown). Hie structural basis for this lack of supertmposibility is not known but 
appears to be conastent for tiiebimolccular systems.. 

Both tixe labeled and unlabeled versior« of P3 and P4 exhibited a concentcatioiv independent 
Tm. Consequently, the data indicates fliat these PNAs form hairpins 3n solution, likewise the probe 
PNAD also was confirmed to exhibit a concentration independent Tm of approximately 81-82*'C, as 
had been reported by Amitage et al. Hie data clearly demonstrates that the stem duplex of a PNA 
hairpin is not substantially affected by the presence or absence of magnesium or the increase in ionic 
strengfti since the Tm for the probes are the saBie without regard to ttie buffer composition in which 
the Tm analysis was performed. Curiously there was no substantial difference in the Tm of labeled 
as compared with unlabeled probes. However, it is believed tiiat the Tm of these duplexes is so high 
that the fluorescein/dabcyl interactions cannot be maintained. 

As wifti the P1/P2 and D1/D2 bimolecular systems, fluorescence vs. temperatme analysis of 
the least concentrated samples <each probe at [5] which had 1 mM MgQ^ and 100 mM NaCl) of both 
probes P3 and P4 were performed. With reference to Figures 4B and 4C, normalized fluorescence vs. 
temperature and absoibance vs. temperature data are overlaid for P3 and P4, respectively. Unlike 
the bimolecular systeta, the fluorescence vs. temperature and absorbance vs. temperature data for 
both P3 and P4 are superimposible. Data was also collected for the £)3 and D4 urdmolecular probes. 
The data for these unitnolecular probes was also found to be lughly superimposible (data not shown) 
fliereby indicating they residt from the same physical transition of the probe. Taken as a whole, the 
excellent correlation between the fluorescence vs. temperature and absorbance vs. temperature data in 
both the PNA and PNA unimolecular systems strongly indicates that increases in absorbance and 
fluorescence occur as result of a helbc to coil transition. 

Usirjg the daU obtained from melting and reannealing of Dl /D2, D3, D4, P1/P2, F3 and P4 as 
described above, the difference between the lowest (helix) and highest (coil) fluorescence intensities 
recorded were calculated to determine the signal to noise value for each probe. This was intended to 
give an estimate of the potential increase in signal which could be expected in a hybridization assay 
wherein the stem of the probe was opened. In Figure 5, the fluorescence signal to noise ratios for 
melting and reannealing the PNA and DNA bimolecular and unimolecular systems is presented. Most 
striking is the significantly lower signal to noise ratio for all the PNA systems as compared with ttie 
DNA systems. The low signal to noise ratio is consistent with the data presented by Armitagc et al. 
though it is not clear that the labeled probes of Armitage et al. form hairpins. Nevertheless, the low 
signal to noise ratios for the PNA probes comprising long self-complementary arm segments suggests 
that these constructs are not optimal for analysis of nucleic acids. 

Thou^ the Tm of labeled and unlabeled hairpins having an identical 9 bp stem duplex 
where all very similar (approximately 81-83°Q, normalized data presented in Figure 6 demonstrates 
that several factors can influence thermodynamic parameters of the stem duplex. In Figure 6, 
normalized absoibance vs. temperature data for melting of probes P3N, P4N and PNAD (each probe 
at [1]) is graphically illustrated. As these probes were all unlabeled and comprised the same 
nudeobase sequence there were direcUy comparable. Probe P3N which comprises a fle^dble linkage 
which links the two arms which form the stem duplex exhibited the most cooperative sigmoidal 



wo 99/22018 FCT/US98/22785 

■ 43 

transition. Surprisingly, the solubility enhanced probe, P4 , exhibited only a slightly less 
cooperative a transition as compared with probe P3. The probe PNAD exhibited the least 
cooperative sigmoidal transition. 

The shape of the sigmoidal transition evident in absorbance vs. temperature plots is a 
function of the properties of the duplex. Sharp cooperative transitions are expected for the more 
thermodynamically stable duplexes whereas sloping sigmoidal transitions are expected where the 
duplex is less thermodynamically stable. The fkidble linkage in P3 vras expected to stabihze the 
duplex so the sharp transition observed was S^pected. The substantial difference between probe P4 
and PNAD however was suiprising and can only be attributed to ^e presence of flie solubility 
enhancers. 

The data presented in Figure 6 lead us to believe that although probe PNAD was a hairpin, 
it appeared to be borderline in stability. Therefore we theorized that a probe with shorter arm 
segments (e.g. 6 siibunits in length) might not exist predominately as a hairpin since PNAs are known • 
to be organized in solution (See: Dueholm et aL, Nea> }. Ckem., 21: 19-31 (1997) at p. 27, coL 2, Jns. 6- 
30). With reference to Table 7, flie data presented for probe PNAD 6S, which is designed with a six 
subunit self-complementary arm segment, as compared with the 9 subunit arm segments of the PNAD 
probe, confirms thai tiie probe does not exist primarily as a hairpin since ttie Tm is concentration 

dependent. Moreover, there are two inflection points in the reaimealing curve (data not shown) at 

low concentrations (samples at [4] and [5)) which is indicative of the existence of both hairpin and 

multimer formation. Consequently, the data indicates that PNAs having arm segments of 6 or less 

subunits , and no flexible linkage groups, do not exist primarily as hairpins. 

The bimolecular duplex, P5/D5B was also analyzed to determine its Tai. The data obtained 

by applicants indicated ttiat the most concentrated sample (approximately 7.5 fiM) had a Tm of 7i°C. 

At half concentration (he Tm was approximaldy 7CfKl and at one quarter concentration the Tm was 

approximately 68.5''C. 

The DNA probe D5B was complementary to only a portion of PNA probes, P3, P4, PNAD. The 
DNA probe, D6, was perfectly complementary to P4 and PNAD and a portion of P3. Hybridimtion 
assays were performed to determine whether probes D5B or D6 would hybridize with probes P3 or P4, 
titiereby opening the hairpin stfm duplex and generating fluorescent signaL Hybridizatitms were 
performed essentially as described in Example 21, below except that the DNA target was in excess. 
The data obtained indicated that very little hybridization occurred after 30 minutes. As these are 
flie most favored duplexes given the perfect complementary of the probes and targets, the lack of 
detectable signal in the hybridization reaction indicates that little or no hybridization occurs. 
Consequently, the data suggests that probes having long stems (e.g. 7-10) and no flexible linkages are 
not optimal for analyzing samples for a nudeic add target since they do not produce detedable 
signal. 

These hybridization results should be expected since tiie Tm of the PNA/DNA duplex should 
be lower than (he Tm of the hairpin stem duplex. For example, the Tm of the perfect complement 
P5/D5B is approximately 71"C at concentrations mudi higher than the effective concentration of 
reactants in the hybridization reaction whereas (he concentration independent Tm of the hairpin 
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stem duplex is 81-82°C. Thus, it is not leasonable to expect that the short DNA probe, D5B, will 
substantially hybridize to P4 and open tiie more stable hairpin stem duplex. 

In summary, the data presented in this Bxaaiple 19 demonstrates that PNAs with long self- 
complementary arm segments (e.g. 9 subunits) and no flexible linkages form stable hairpins while 
those having shorter arm segments (e.g. 6 subunits ) and not flexible linkages are likely to exist in 
both the hairpin and multimer state. When hairpins are formed, tiie Tm of the stem duplex is 
substantially independent of the presence or absence of magnesium and the ionic strength of the 
buffer. Unfortunately, ttie data compiled by-applicants indicates that labeled probes most likely to 
form hairpins, because they possess longer self-complementary arm segments (but do not comprise 
flexible linkages), exhibit very poor signal to noise ratios in both hybridization and thermal melting 
experiments. This data suggests that these probes are not well siiited for use in the detection of 
nucleic add targets. The most surprising result was the substantial stabilizing effect attributable to 
the dabcyl/fluorescein interactions. Such strong intemctions may explain why quenching occurs 
regardless of lack of substantial spectral overlap between dabcyl and fluorescein (Le. by non-FRET). 

Detailed Analysis Of PNA Oligomers Prepared For Study 

Experimerits 20-22 were performed to generate comparative data on the PNA oligomers in 
Table 1 so that preferred corxfigurations of PNA Molecular Beacons could be determined. Generally 
the data indicates that the insertion of flexible linkages within the probes improves signal to noise 
ratios particularly when the flesdble linkage is inserted at the N-tenninus of the probe to thereby 
link an arm segment to the ptrobing nudeobase sequence. The data also indicates that probes with 
shorter arm segments also generally exhibit a more favorable signal to noise ratio. Several of the 
probes exhibited signal to noise ratios wWch were comparable with nucleic acid cor»tructs wMd\ are 
self-indicating (e.g. a nucleic acid Molecular Beacon). Therefore, the PNA Molecular Beacons of this 
invention are useful for detecting nucleic add targets in samples of interest. However, the data is 
inconclusive with regard to whether or not any of the PNA probes listed in Table 1 exist primarily as 
hairpins. Furfliermore, the data indicates that, under the same experimental conditions, the 
properties of the probes listed in Table 1 vary substantially from probe to pro^ imder the conditions 
examined. Severalof the results are not well understood, llius, it has not been possible to 
characterize the PNA probes listed in Table 1. 

P yample 20: Analysis of Fluorescent Thermal Profiles: 
General Experimental Procedure: 

Fluorescent meastnements were taken using a RF-5000 spectrofluorophotometer (Shimadzu) 
fitted with a water jacketed cell holder (P/N 206-15439, Shimadzu) usmg a 1.6 wiL, 10 mm path 
length cuvet (Stama Cells, Inc.). Cuvet temperature was modulated using a drculating water bath 
(Neslab). The tenqjerature of the cuvet contents was monitored directly using a thermocouple probe 
(Bamant; model No. 600-0000) wMdi was inserted below liquid level by pasang the probe tip 
throu^ the cap on the cuvet (custom manufacture). 
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Stock solution of HPLC purified PNA oligomer was prepared by dissolving the PNA in 50% 
aqueous NJ^'-dimefliylformainide (DMF). From each PNA stock was prepared a solution of PNA 
oHgomer, each at a concentration of 10 pmol in 1.6 mL of Hyb. Buffer (50 inM Tris. HCl pH 8.3 and 100 
mM NaCl) by serial dilution of purified PNA stock with Hyb. Buffer. 

Samples were »dtcd at 493 run and the fluorescence measured at 521 ran. Data points were 
collected at numerous temperatures as the cuvet was heated and ftten again measmed as the cuvet 
was allowed to cool. Generally, the bath temperature was sequentially increased by 5 °C and then 
allowed to equilibrate before each data point was recorded. Similarly, to generate the cooling 
profile, the bath temperature was sequentially decreased by 5 and then allowed to equilibrate 
before each data point was recorded. 

Data Discussion: 

Nucleic add Molecular Beacons which form a hairpin structure are expected to exhibit an 
increase in fluorescent intensity when heated which is consistent with the melting of the hairpin 
stem and the physical transition of the probe stem from a helix to a random coil. Consistent with any 
nucleic acid melting event, the process is expected to be reversible ttiereby resulting in a decrease in 
fluorescence upon cooling of the sample caused by the resulting reformation of the helical structure. 
The expected melting phenomenon is documesntcd for nucleic add Molecular Beacons described by 
Tyagi et al. (See: Tyagi et al. Nature Biotechnology, 14: 303-308 (1996) at Figure 3). 

The results of the fluorescent thermal melting analysis of the PNA Molecular Beacons are 
siunmarized in the data presented in Tabic 8 and presented graphically in Figures 7 A, TBI, 5^2, TBS 
and 7C. With reference to Table 8, there are three different general Hiermal Profiles observed for 
the different constructs and under ttie conditions examined. These ate represented in Table 8 as Types 
A, B and C. 

Fluorescent Thermal Profile Type A is characterized by a an increase in fluorescence intensity 
upon heating (melting) and a correlating decrease in fluorescence intensity upon cooling (reannealing). 
These results are similar to those published for nudeic add Molecular Beacons whidi form a loop and 
hairpin stem structtire. Thus, a Type A Fluorescent Thermal Profile is consistent with the formation 
of a stable hairpin stem and loop structure. This phenomenon is, therefore, believed to be caused by 
fixe melting and x«annealing of a stem and loop structure in the PNA Molecular Beacon. However, 
applicants only claim ttiat a Type A Fluorescent Utermal Profile is indicative of fairly reversible 
fluorescence quenching, as other structures may be responsible for or contribute to the observed 
phenomenon. 

Representatives of Type A Fluorescent Thermal Profiles are illustrated in Figure 7A. The 
data presented in the Figure is for the PNA oligomers .001, .007 and .002. Data for both the melting 
(open character) and the reannealing (solid diaracter) is presented. The sigmoidal transitions are 
consistent with a melting a reannealing of a duplex. 

Fluorescent Thermal Profile Type B is characterized by an increase in fluorescence intercity 
upon heating (melting), but, no substantial correlating decrease in fluorescence intensi^ upon cooling 
of the sample. Thus, under the conditions examined, the interactions wluch initially cause the 
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quenching of fluorescence do not appear to be readily reversible. Consequently, the data suggests 
that a PNA oligomer exhibiting a Type B Fluorescent Thermal Profile, does not exhibit all ftie 
features of a True Molectdar Beacon. NoneOieless, as seen by the hybridization assay data, a Type B 
Fluorescent Thermal Profile does not prohibit the PNA oligomer from functioning as a PNA Beacon. 

Representatives of Type B Fluorescent Thermal Profiles are illustrated in Figures 8B1, 8B2 
and 8B3. The data is presented in three sets so that each trace may be more clearly viewed. The 
data presented in Gie Figures are for the PNA oligomers .010, .008, .009 (Figure TBI), .0X8, .OllAr -017, 
(Figures 7B2), and .003 and ,004, (Figure 7B3)- Data for both flie melting (open character) and the 
reannealing (solid character) is presented. 

Fluorescent Thermal Profile Type C is characterized by a higfi initial fluorescent intensity 
which initially decreases with heating and again decreases even further upon cooling of the sample. 
The high initial fluorescent inteixsity suggests that this construct does not exhibit ttie initial 
fluorescence quenching observed with most of the other PNA constructs examined. The constant 
decrease in fluorescent intensity upon cooling is not well understood. Nevertheless, as seen by the 
hybridization assay data, a Type C, Fluorescent Thermal Profile does not prohibit the PNA oligomer 
from functioning as a HMA Beacon. 

Representatives of Type C Fluorescent Thermal Profiles are illustrated in Figures 7C. The 
data presented in the F^^ire 7C is for the PNA oligomers .005 and .006. Data for both ti»e melting 
(open character) and the reaimealing (solid character) is presented. 



Table 8: Summary of Data Compiled In Experiments 20-22 



Probe No. 


CODE 


Fluorescent 


Hybridization 


Thermal Profile 






Thermal 


Profile 


Observed 






Profile 


Observed 








Observed 






N-terminal Arm Forming Segments 


.001 


52C6 


A 


A 


Sig, 6% 


.007 


5105 


A 


A 


Sig, 7% 


.010 


5005 


B 


A 


Sig, 19% 


.002 


3203 


A 


A 


Sig, 8% 


.008 


3103 


B 


A 


Sig, 8% 


.009 


4004 


B 


A 


Sig, 8% 


C-teiminal Ann Forming Segments 


.018 


7027 


B 


A,B 


Sig, 6% 


.QUA 


5025 


B 


A 


N. Sig, 5% 


.006 


3023 


C 


C 


N. Sig, 8% 


Probing Sequence Fjdemal To Arm Segments 


,017 


5115 


B 


B 


N. Sig, 14% 


.005 


3113 


C 


C 


N. Sig, 10% 


Control Probes: No Ann Fonning Segments 


.003 


0000 


B 


B 


No Data 


,004 


0110 


B 


B 


N. Sig, 5% 



For a definition of CODE, see Table 1 
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Example 21: Ar^qlypig gf Jiybtvixm^^m Assay Vf^ta. 

General Experimental Procedures: 

All hybridization assay data was collected using a Wallac 1420 VICTOR equipped with a 
5 F485 CW-lamp filter and a F535 Emission filter. The NUNC MaxiSorp, breakapart microatre pUte 
was used as the reaction vesseL Bach microtitre plate was piewashed wittv Hyb. Buffer at room 
temperature for 15 minutes before the reaction components were added. Total reaction volume was 100 
\lL in Hyb. Buffer. 

Stock solution of purified PNA probe was prepared by dissolving the PNA in 50% aqueous 
10 NJN'-diaielhylfOrmamide (DMF). From this PNA Stock was prepiiied a solution of each T?NA at a 
concentration of 25 pmole/1 jiL by serial dilution of the PNA Stock with 50% aqueous DMF. 

Stock solution of purified wt k-ras DNA was prepared by dissolving the purified DNA in TE 
(10mM Tris.HapH8.0; 1.0 ntiM EDTA, Sigma Chemical). From this DNA Stock was prepared a 
solution of wt k-ras DNA at a concentration of 100 pmoI/99 jiLby serial dilution of the DNA Stock 
15 with Hyb. Buffer. 

Each reaction sample used for analysis was prepared by combining 1 (iL of the appropriate 
PNA oligomer (25 pmole/jiL) with either of 99 ML of wt k-ras DNA stock or 99 fjL of Hyb. Buffer 
(control) as needed to prepare 100 \iL of sample. 

Samples were mixed and then fluorescence intensity monitored with time using the Wallac 
20 VICTOR instrument- Samples were run in triplicate to insure reproducible results. Data was acquired 
for 20-25 minutes after the reactants were mixed and then the wells were sealed and the plate 
heated to 42-50 '^C in an incubator for 30-40 minutes. After cooling to ambient temperature, the weHs 
were unsealed and flien anottier 10 data points were collected over approximately five minutes. 

25 Data Discussion; 

Nudeic add Molecular Beacor\s which form a hairpin stem and loop structure are expected to 
exhibit an itKrease in fluorescent intensity upon hybridization of the probing sequence to 
complementary nucleic add. The expected iiv:rease in fluorescent intensity is documented for DNA 
Molecular Beacons described by Tyagi et aL (See: Tyagi et al Nature Bioiechnologi/, U: 303-308 

30 (1996)). 

The results of the hybridization analysis of the PNA oligomers are summarized in Table 8 
and presented graphically in Figures 8A1, 8A2, 8A3, 8B and 8C. With reference to Table 8, there are 
three different general Hybridization Profiles observed for the different constructs examined. These 
are represented in Table 8 as Types A, B and C. In Figure 10, the signal to noise ratio (before and after 

35 heatmg) for all probes examined are graphically illustrated. 

Hybridization Profile Type A is characterized by the increase in fluorescence intaisity in 
samples containiitg complementary target DNA as compared with samples containing only the PNA 
oligomer- After heating, the fluorescent irrtcnsity of samples containing target sequence increases but 
flie background fluorescence of the control sample(s) does not significantly change. Because the PNAs 

40 possess a very low inherent fluorescence, the probes wWcJi exhibit a Type A, Hybridi7.ation Profile 
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generally have the highest signal to noise ratios. Representatives of Type A Hybridization Profiles 
are illustrated in Figures 8A1, 8A2 and 8A3. Hie data is presented in two sepeirate graphical 
illtistrations to clarify the presentation. Hie data presented in the Figures is for the PNA oligomers 
.001, .007, .010 (Figure 8A1), and .002, .008, .009 (Figure 8A2), and .OllA, .017 and .018 (Figure 8A3). 
5 Hybridization Profile Type B is characterized by the very rapid increase in fluorescence 

intensify in samples contauiing complementary target DNA as compared with samples containing 
only the PNA oligomer. The fluorescence intensify quickly reaches a plateau which does not 
significantly change (if at aU) after heating. The background fluorescence of the control sample(s) 
does not change significanily even after heating. This suggest that the hybridization event rapidly, 
10 and with little resistance, reaches a binding equilibrium without any requirement for heating. 

Representatives of Type B Hybiidization Profiles are illustrated in Figure 8B. Tlie data presented in 
Figure 8B is for flie PNA oligomers .018, .003 and .004 though PNA oligomer .018 does not exhibit all 
the characteristics of a Type B Hybridization Profile. Specifically, the signal for probe .018 does not 
appear to increase after heating (Type B) but tfie hybridization kinetics appear to be more like a 
15 Type A Hybridization Profile. 

Control probes .003 and .004 (herein referred to as PNA Molecular Beacons) exhibit a lype B 
Hybridization Profile. Thus, the rapid hybridization kinetfcs of the Type B Hybridization Proffle 
is probably the result of having no stable hairpin stem, or any other strong force, which can stabilize 
the non fluorescent polymer form. Nonetheless, the dynamic range (signal to noise ratio) observed in 
20 the hybridization assay of these probes is typically quite high and suggests that forces other than 
the hydrogen bonding of complementaiy nudeobases of arm segments can stabilize the interactions 
between ttie donor and acceptor moietifis. The data presented in Example 19 suggests fliat label/label 
interactions can be quite strong and may be an important factor in ttiis surprising result 

Though the background (noise) is higher for ttie .003 and .004 probes, as compared with ttie 
25 .001, .002, .007, .009 and .010 probes, the fluorescence intensify after hybridization is higher titian 

that observed in any probes yet examined. As a result of the higher background, PNA oligomers .003 
and .004 have a very favorable signal to noise ratio. This S/N ratio is nearly as favorable as any 
(and better than some) of the other PNA oligomers examined whether or not they possess arm 
segments. Hie data demonstrates that it is not necessary to have arm forming segments to create a 
30 pKjJ>e which exhibits an initial low fluorescence intensify and a correspcmding increase in fluorescence 
signal upon the bindir^ of the probe to a target sequence. 

Hybridization Profile C is characterized by a moderate increase in fluorescence intensity in 
samples containing target DNA as compared with samples containing only the PNA oligomer. The 
fluorescence intensify quickly reaches a plateau which does not significantiy change (if at all) after 
35 heating. The background fluorescence of flie control sample(8) is relativdy hi^ but does not change 
significantly even after heating. Hybridization Profiles B and C differ primarily because tt\e 
background fluorescence in the control samples, containing no target nucleic add, are dramatically 
higher in Hybridization Profile Type C The hybridization data obtamed for samples containing 
complementary nudeic add, suggests that the hybridization event rapidly, and with littie 
40 resistance, reaches equilibritun. However, the very high background signal suggests that the forces 
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which shoxdd hold the donor and acceptor moieties in close proximity are not strong enough in these 
constructs to e£fej:tivcly quench the fluorescent signal. As a consequence of the moderate increase in 
fluorescence upon binding to the target sequence and the higher than usual intrinsic fluorescence a 
FNA Molecular Beacon, which exhibits a Type.C Hybridisation Profile, has a very low signal to 
noise ratio. Representatives of Type C Hybridiialion Profiles are illtistrated in Figure 8C The data 
presented in Figure 8C is for the PNA oligomers .006 and .005, respectively. 

Example 22: Ultraviolet Thermal Profile Ahaly sis 

TSuB data collected for Ms Example was intended to determine whether the fluorescence vs. 
temperature analysis presented in Example 20 corrdated with ultraviolet (UV) absorbance (260 nm) 
vs. temperature plots.. Additionally, concentration depend^cy of titie traces was also examined in 
order to determine whether the PNA Molecular Beacons listed in Table 1 (except piobe .003) existed 
as a hairpin or as a multimer. 

Materials md Methods: 

The purified probes were dissolved in flie Hyb. Buffer to a ccmcentration which was intended 
to be approximately 5-7.5 pM. However it was determined that the PNA Molecular Beacons were too 
insoluble such that a large proportion of the PNA probe existed in a suspension. The solutions were 
centrifuged to remove suspended matter and therefore the most concentrated samples examined were 
estimated to have a concentration of approximately 2.5 pM or less. The most concentrated stocks were 
then serially diluted with Hyb. Buffer two times so that for each sample, a total of three 
concentrations could be examined. All samples were at^alyzed using a Gary 100 Bio UV-Visible 
Spectrophotometer (Varian Instnmients) equipped witli a 6x6 theimostatable multicell blod: ruimtng 
Win UV Bio application software package. To a 10x10 UV cell (Stama Cells, P/N 21-Q-lO) was 
added a 7.2 mm stir bar and the 2.5 mL of each sample of the dilution series. The stirring accessory 
was used during all analysis. All samples were thermally denatured and reannealed prior to data 
collection by having the instrument rapidly ramp to at least 90C and tiien holding for 5 minutes 
before returning to the starting temperature of 20^, After the premelt, it was preferable to allow the 
samples to remain at the starting temperature for at least 30 minutes to reach equilibrium before 
beginning data collection. Data for both dissociation and reaiinealkig was collected and analyzed. 
The temperature rar\ge over which data was collected was 20-90°C. The temperature ramp rate for 
both dissociation and reannealing was OSX^/mia. The absorbance (260 nrtv averaged over a-2-3 second 
collection) was plotted vs. ftie temperature of the multicell block. 

Results: 

Factors to be considered in arwdyzing the absorbance vs. temperature plots include whether 
tiie transition was sigmoidal, whether and to what extent there was any hysteresis and tti& percent 
hyperchromidty (for tt»e purposes of this discussion the percent hyperdtromicity will be defined as 
the approximate percent difference between flie absorbance at 20^ and the absorbance at 90°C). 
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Summary of Ihe data obtained by analysis of the absorbance vs. temperature plots is presented in 
Table 8. 

Probes .001, .002, .007, .008, .009, .010 and .018 exhibited a sigmoidal transition as indicated 
by "Sig" in Table 8. The sigmoidal transition is diaracteristic of tiie melting and reannealing of a 
duplex or hairpiru Probes . .004> ,005, .006, OllA and .017 all exhibited a non-sigmoidal transition as 
indicated by Sig" in Table 8. Curiously, tt« shape of the non-sigmoidal transition was 
essentially the same in all cases except for .OllA. For these probes the increase in absorbance as a 
function of temperature appeared to be almost linear. The non-sigmoidal shape of these curves 
suggest that flie transition is not the resxilt of the melting and reannealing of a duplex structure. Thus, 
these probe are not likely to exist as hairpins or multimers. 

Not a single probe examined was wittiout a noticeable hysteresis. Though the exteivt of 
hysteresis varied widely, the presence of a conspicuous hysteresis indicates that ihe probes are 
resistant to returning to their original confirmation as a hairpin, mulitmer or other confirmation. 
Though this result was generally observed in the fluorescence vs. temperatiure plots, the absorbance 
traces were far more reversible upon cooling as compared wifli the data observed in the fluorescence 
vs. temperature plots. Therefore, the substantial differences between tiie fluorescence vs. 
temperature and absorbance vs. temperature plots are hot understood . Moreover, it is unclear why 
only probes .001, .002 and .007 exhibited a reversible decrease in fluorescence upon cooling whereas 
other probes did not However, the data suggests tiwit the longer flexible linkages and longer arm 
segments promote favorable properties since probes .001 and .002 both possess 2 flexible linkages and 
probe .007, though is possesses orJy one flexible linkage, it comprises a 5 subunit am\ segments. 

For comparison, normalized absorbance vs. temperature and fluorescence vs. temperature data 
for probe .001 was overlaid since the plots looked rdatively dmilar. ThR overlaid data is presented 
in Figure 9. With reference to Figure 9, the absorbance vs. temperature and fluorescence vs. 
temperature data is fairly superimposible. The absorbance vs. temperatme and fluorescence vs. 
temperature plots for probe .002 and .007 were likewise very similar thought the data has not yet 
been overlaid. Tt« good correlation between ihe absorbance vs. temperature and fluorescence vs. 
temperature plots suggests that the same transition is being measured in botti analyses and it is 
likely to be a helix to coil transition. 

Except for probes .010, .005 and ,017, the percent hyperdiromidly is less tiian 10 percent. 
Generally, fiie hyperdiromic effect for a duplex to random coil traitsition is greater than 10 percent. 
The hyperchromicity for the DNA and PNA probes examined in Example 19 were all better than 15 
percent. Thus, the lower than expected hyperdiromic effect for substantially all probes, except probe 
,010 which exhibits a 19 percent hyperchromic effect, is not well understood. Nevertheless, the 
values are not consistent with at melting of a duplex of hairpin even for probes which exhibited a 
sigmoidal transition. 

Finally, the data obtained by applicants was inconclusive with regard to whettier the PNA 
Molecular Beacons listed in Table 1 exist as a hairpin or multimer becatise the scatter in the data at 
ti\e lower concentrations made it impossible to obtain rdiable derivative information from which 

the Tm valxies are determined. TTnough the data generated in Example 19 would suggest thai probes 
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comprising arm segments of six or less subunits are not Ukely to form hairpins, the effect of flexible 
linkers was not fully evaluated in that Example. Thus, it remains unknown whether any of the 
probes listed in Table 1 exist primarily as hairpiris. 

In summary, the data presented in this Example 22 is inconclusive as to whether the PNA 
Molecular Beacons listed in the Table exist primarily as hairpins or mulitmers. It does however 
show there is good agreement between the absoAance vs. tempierature plots and the fluorescence vs. 
temperature plots for probes .COl, .002 and .007. The lack of correlation betwe^ absorbance vs. 
temperature plots and the fluorescence vs. tea^rature plots for ofbei probes supports the flieory 
that the probes may adopt structures other than hairpins or multimers. This theory is supported by 
the non-sigmoidal transitions, the substantial hysteresis and Ihe very low percent hyperchromicity 
for most of fl\e probes. 

General Discwssion Of The Data Presented In Bcamples 19-22 

Though all the probes examined exhibited a detectable increase in fluorescent signal in the 
presence of a target sequence , flie probes which exhibit properties which are most like nud^c add 
Molecvdar Beacons are probes .001,.002 and .007. These probes process very favorable signal to noise 
ratios, exhibit sigmoidal transitions during melting and also readily reaimealed upon cooliag 
whether the analysis was by fluorescence or absorbance. This data indicates that probes of this 
configturation form duplexes which dissociate upon hybridizatioii or thermal meltiag to produce an 
increase in detectable signal though it is not knovm whettier or not ttiese probes exist primarily as 
hairpins. Whether hairpins or not, the favorable characteristics of ttiese probes correlate with the 
presence of flexible Imkages and arm segments in the range of 3 to 5 subunits in lengtiu Furthermore, 
the data in Example 19 in combination with the data for probe .018, in Examples 20-22, demonstrate 
that long arm segments of 7 to 9 suburuts substantially reduce signal thereby resulting in very poor 
signal to noise ratios. Consequently, long arm segments are a disfavored conHguraticai for a PNA 
Molecular Beacon. 

Though probes .001, .002 and .007 exhibited the most favorable properties, all the probes 
listed in Table 1, except for ccmtrol probes .003 and .004, ate PNA Molecular Beacons because fiiey 
comprise arm segmerrts and appropriate labding and also ejdiibit a detectable change in a properly 
of a label whidi correlates with the binding of the probe to a target sequence. The nature of the 
forces which result in fluorescence quenching of the other PNA probes is not weU understood, though 
it is likely that nucleobase-nucleobase, electrostatic and hydrophobic-hydrophobic interactions 
contribute to fix the probes in a favorable secondary structure tmtil this is altered by hybridization. 

Surprisingly, the control probes .003 and .004, whidi have no arm forming segments, exhibit a 
correlation between increased fluorescence intensity and binding of the probe to target sequence. 
Remarkably these probe exhibit a very good signal to noise ratio in hybridization assays. Thus, it 
has been demonstrated that PNA oligomers need not comprise regions of complementary nudeobases 
whidi are, by design, intended to form a hairpin to thereby exhibit many of the favorable 
diaracteristics of a nudeic add Molecular Beacon. Since PNA oligomers .003 and .004 caimot form 



wo 99/22018 PCT/US9&^2785 
■ 52 

duplexes, this restilt demonstrates that oflier types of secondary structures can result in fluorescence 
quenching imtil the probe hybridizes to a target sequence, 

EQUIVALENTS 

5 While this invention has been particularly shown and described with references to preferred 

enxbodiments thereof, it will be understood by those of ordinary sMll in the art that various changes 
in form and detaib may be made therein vdihout departing from flie spirit and scope of the invention 
as defined by the appended claims. Those sldBed in the art will be able to ascertain, using no more 
than routine experimentation, many equivalents to tiic specific embodiments of the invention 
10 described hereiiu Such equivalents are intended to be encompassed in tiie scope of the claims. 
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Claims 



We daim: 

1 . A polymer sttitable for detecting, identiiying or quantitating a target sequence, said polymer 
comprising; 

a. a nudeobase sequence; 

b. a first arm segment and a second arm segment, wherein at least one of the first or second 
arm segments is linked to the nucleobase sequence through a flexible linkage; 

c. at least one linked donor moiety" wvd at least ooe linked acceptor moiety, wherein said 
donor and acceptor moieties are linked to die polymer at positions which are at opposite 
ends of the nucleobase sequence. 

2. The polymer of daim 1, wherein the nudeobase sequence is a probing nucleobase sequence. 

3. The polymer of claim 1, wherein the polymer is a PNA. 

4. A polymer suitable for detecting, identifying or quantitating a target sequence, said polymer 
compriaudg; 

a. a first arm segment having a first and second end; 

b . a probiixg nudeobase sequence which is complementary or substantially complementary 
to tl\e target sequence; 

c. a second arm segment which is embedded within the probing nudeobase sequence and 
which is complementary or substantially complementary to the first arm segment; 

d. a flexible Unkage which links the second end of the first arm segment to the second end 
of the probing nudeobase sequence; 

e. a donor moiety liiVked to tt\e first end of one of either of the first arm segment or the 
probing nudeobase sequence; and 

f . an acceptor moiety linked to the first ervd of the other of either of the first aim segment 
or the probing nudeobase sequence. 

5. The polymer of claim 4, wherein the probing nudeobase seqtience is 5-30 siibunits in length and 
flie first arm segment is 2-5 subunits in length. 

6. The polymer of daim 4, wherein each of tiie PNA subunits of ttie polymer has the formula: 



wherem, 

each J is the same or different and is selected from the group consisting of: H, R', OR', 

SK\ NHRS NRV CI, Br and I; 
each K is the same or different and is selected from the group consisting of: O, S, NH and 
NR'; 

each R» is the same or different and is an allcyl group having one to five cafbMi atoms 
which may optionally contain a heteroatom or a substituted or imsubstituted aryl group; 
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each A is selected from the group consisting of a single bond, a group of the f ornitila; - 
(CJj),- and a group of tiie formula; -(CJ2),C(0)- wherein, J is defined above and each s is 
an integer from one to five; 
each t is lor 2; 
each u is 1 or 2; and 

each L is ttxe same or different and is independently selected &om tiie group consisting of 
J, adenine, cytosine, guaiune, thyminev uiidine, 5-methylcytosine, 2-aniinopuiine, 2- 
amino-6-chlorop«rine, 2,6-diamin0purine, hypoxanfliine, pseudoiMxytosine, 2- 
thiouradl, 2-thiothymidine, other naturally occurring nudeobase analogs, other non- 
naturally occurring nudeobases, substituted and unsubstituted aromatic moieties, biotin 
and fluorescein. 

The pol5niier of daim 4, wherein each PNA subunit consists of a naturally occurring nucleobase 
attadied to the aza nitroga^ of the N-l2-(aminoethyl)]glycirte backbone tiirough a methylene 
caibonyl linkage. 

The polymer of claim 4, wherein the flexible linkage CMisists of one or more linked compounds 
having the formula: -Y-(0„-(CW2)„)„-Z- wherein, 

each Y is selected from the group consisting of: a single bond, -{CWj)p-, -C(0)(CWj)p-, 

-C{S)(CWj)p- and -S{0^)(CWi\-, 
each Z is selected from the group consistiiig of; NH, NR^ S or O; 
each W is independently selected from the group coi\sisting of: H, R^ -OR^ F, CI, Bf, I; 
wherdn, eadi R* is independentty selected from the group consisting of: 

-CXa, -CXjCX,, -CXiCXjCXj, -CXJCXiCX^^ and -OpX^^ 
each X is independently selected from the group consisting of H, F, CI, Br or 1; 
each m is independently 0 or 1; and 
each n, o and p are independently integers from 0 to 10. 
The polymer of daim 8, wherein the flexible linkage coi«ists of two linked onnpouhds having 
tiifi formula: -Y-(0„-(CW2)^o-Z-, wherein, Y is -C(0)(CW2)p-, Z is NH, eadi W is H, m is 1, n 
is 2, o is 2 and p is 1. 

The polymer of claim 4, wherein the donor moiety is a fluorophore. 

The polymer of claim 10, wherein ftie fluorophore is selected from the group consisting of 5(6)- 

carboxyfluorescein and its derivatives, 5-(2'-aminoethyl)-aminonaphthalene-l-sulfonic acid 

(EDANS), bodipy and its derivatives, rhodamine and its derivatives, Cy2, Cy3, Cy,3.5, Cy5, 

Cy5.5, texas red and its derivatives. 
. The polymer of daim 4, wherein the acceptor moiety is a quendier moiety. 
I. The polymer of daim 12, wherein the quencher moiety is 4r((-4- 

(dimethylamino)phenyl)azo)benzoic add (dabcyl). 
t. The poljrmer of daim 4, whereitv one or more spacer moieties link one or both of the donor and 

acceptor moieties to the end of the polymer to which it is linked. 
>. The spacer moiety of daim 14, wherein the spacer moiety comprises one or more linked amino 

add moieties. 
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16. The spacer moiety of claim 14, wherein the spacer moiety consists of one or more linked 
compounds having tine formula: -Y-(Om-(CW2)^,-Z-, wherein, 

each Y is selected from the group consisting of: a single bond, -{CW^f,-, -C(0){CW2) -/ 

-C(S)(CWi)p- and -S(Oj)(CWj)p-; 
each Z is selected from the group consisting of: NH, NR*, S or O; 
each W is independently selected from the group consisting of: H, R', -OB?, P, CI, Br, 1; 

wherein, each is independently selected from the group consisticvg of: 
-CX3, -CXjCXa, -CXiCXjCXj, -CXjCXiCX,)^, and -C(CX3)3; 
each X is independently selected from the group consisting of H, P, Q, Br or I; 
each in is independently 0 or 1; and 
each n, o and p are independently integers from 0 to 10. 

17. The polymer of claim 4, wherein the polymer is continuous from the N-terminus to the C- 
teiminus and the first aim segment is oriented toward the N-tenninus of ttic polymer and the 
probing nudeobase sequence is oriented toward the C-terminus of the polymer. 

18. Hie polytaei of claim 4, wherein flie polymer is immobilized to a support. 

19. A polymer suitable for detecting, identifying or quantitating a target sequence, said polymer 
comprising: 

a . a probing nudeobase sequence having a first and second end and which is 
complementary or substantially complementary to the target sequence; 

b. a first aim segment having a first and second end; 

c. a second aim segment compiling a first and second end, wherein, at least a portion of 
the nudebbases sequence of the second arm segment is complementary to the nudeobase 
sequence of the first arm segment; 

d. a first flexible linkage which links the second end of the first arm segment to either of 
the first or secorui end of the prdjing nudeobase sequence; 

c. a second linkage which links the second end of the second arm segment to the other of 
either of the first or second end of the probing nudeobase sequence; 

f. a doiwr moiety linked to the first end of one of either of the first or second arm 
segments; and 

g. an acceptor moiety linked to fiie first end of the other of either of the first or the second 
arm segments. 

20. The polymer of claim 19, wherein the second linkage consists of a single bond. 

21. The polymer of daim 19, wherein the second linkage is a second flexible linkage. 

22. The polymer of daim 19, wherein the probing nudeobase sequence is 5-30 subunits in length and 
each of the arm segments is independently 2-5 subunits in length. 

23. The polymer of daim 19, wherein each of the PNA stibunits of ttie polymer has the formula: 
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wherein, 

each J is the same or different and is selected from the group consisting of: H, R*, OR', 

SR', NHR>, hSR\, F, CI, Br and J; 
each K is the same or different and is selected from the group consisting of: O, S, NH and 
NR'; 

each R* is the same or different and is an alkyl group having one to five carbon atoms 
which may optionally contain a heteroatom or a substituted or unstibstituted aryl group; 
each A is selected from the group consisting of a single bond, a group of the formula; - 
(CJi)^- and a group of the formula; -(Q^fi^^O)- wherein, J is defined above and each s is 
an integer from one to five; 
eadi t is 1 or 2; 
each uis 1 or 2; and 

each L is ttie same or different and is independently selected from ttie group consisting of 
J, adeiune, cytosine, guanine, thymine, uridine, 5-methylcytosine, 2-aminopurine, 2- 
amino-6-chloTopurine, 2,6-diaminopurine, hypoxanthine, pseudoisocytosine, 2- 
thiouracil, 2-thiothyinidine, other naturally occurring nudeobase analogs, other non- 
luiturally occurring nudeobascs, substituted and ui^substituted aromatic moieties, biotin 
and fluorescdn. 

Hie polymer of daim 23, wherein each PNA subunit consbts of a naturally occurring nudeobase 
attached to the aza nitrogen of the N-l2-(aminoethyl)]gl3rane backbone Qurough a mefliylene 
carbonyl liiJsage. 

Hie polymer of claim 19, wherein the first and second arm sequences are of equal subunit length 
and the nudeobase sequences of the first and second arm sequences are perfectly complementary. 
The polymer of daim 19, wherein each of the first or second flexible linkages independently 
consist of one or more linked compounds having the formula: -Y-(0„-(CW2) J.-Z-, wherein, 

eadi Y is sdected from ttie group consisting of: a single bond, -{CW^p-, -C{0){CW^p-, 
-C(S)(CW2)p- and -S(Oj)(CWj)p-; 

each Z is selected from the group consisting of: NH, NR^ S or O; 

each W is independently selected from the group consisting of: H, R^ -OR^ F, CI, Br, I; 

wherein, each R^ is independently sdected from the group consisting of: 
-CXj, -CX^CX,, -CXJCXjOX^ -CX,CX(CX3)2, and -€(0(3)3; 

each X is indtipendently selected from the group consisting of H, F, O, Br or I; 

each m is independently 0 or 1; and 

each n, o and p are independently integere from 0 to 10. 
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The polymer of claim 26, wherein each of the first or second flexible liivkages independenfly 
consists of one or more linked compounds having the f onnvda: -Y-(0„-(CW2)„)„-2;-, wherein, Y is 
-C(0)(CW,)p-, Z is NH, each W is H, m is 1, n is 2, o is 2 and p is 1. 

The polymer of claim 19, wherein the donor moiety is a fluorophore. 

The polymer of claim 1% wherein the fluorophore is selected from the group consisting of 5(6)- 
carboxyfluorescein and its derivatives, 5-(2'-aminoethyl)-aminonaphthalene-l-sulfonic acid 
(BDANS), bbdipy and its derivatives, rhodamine and its derivatives, Cy2, Cy3, Cy 3.5, Cy5, 
Cy5.5, texas red and its derivatives. 

The polymer of claim 19, wherein the acceptor moiety is a quencher moiety. 
The polymer of daim 19, wherein the quencher moiety is 4-((-4- 
(dimethylamino)phenyl)azo)benzoic acid (dabcyl). 

The poljrmer of claim 19, wherein one or more spacer moieties link taie or both of the donor and 
acceptor moieties to the first end of the arm segment 

The polymer of daim 32, wherein flie spacer moiety consists of one or more amino acid moieties. 
The polymer of claim 32, wherein the one or more spacer moieties consists of one or more Unked 
compounds havit)g the formula: -Y-(0„-(CWji)„)„-Z-, wherein, 

each Y is selected from the group consisting of: a single bond, -(CWj)p-, -C(0)(CW2)p-, 
-C(S)(CWj)p- and -S(Oj)(CWi),-; 

each Z is selected from the group consisting of; NH, hIS}, S or O; 

each W is independently selected from the group consisting of: H, R^, -OR^ F, Q, Br, I; 

wherarv each R^ is independently selected from the group consisting of: 
-CXa, -CXjCXj, -CXjCXjCXs, -CXjCX(CX3)j, and -CiCKj)^ 

each X is independently selected from the group consisting of H, F, CI, Br or I; 

eacih m is independently 0 or 1; and 

each n, o and p are independently integers from 0 to 10. 
The polymer of daim 19, wherein the polymer is immobilized to a support. 
A method for the detection, identification or quantitation of a target sequence, said method 
comprising the steps of: 

a . contacting the sample with a polymer comprising: 

(i) . a probing nudeobase sequence; 

(ii) . a first arm segment and a second arm segment, wherein at least one of the first or 

second arm segments is linked to the probing nucleobase sequence through a 
flexible linkage; 

(iii) . at least one linked donor moiety and at least one linked acceptor moiety, wherein 

said donor and acceptor moieties are linked to the polymer at positions whidn are 
at oppoate ends oi the probing nudeobase sequence. 

b. detecting, identifying or quantitating the hybridization of the polymer to the target 
sequence, under suitable hybridization conditioris, wherein the presence, absence or amount 
of target sequence present in the sample can be correlated with a change in detectable 
signal associated with at least one donor or acceptor moiety of the polymer. 
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37. A method for the detection, identification or quantitation of a target sequence, said method 
comprising the steps of: 

a . contacting the sample wifli a polymer comprising: 

(i) . a first arm segment having a first and second end; 

{ i i ) . a probing nucleobase sequence having a first and second end wherein the probing 
nudeobase sequence is complementary or substantially complementary to the 
target sequence; 

(iii) . a second arm segment wh^ is eoibedded within the probing itudeobase sequence 

and which is complementary or substantially complementary to the first arm 

(iv) . a flexible linkage which links the second end of the first arm segment to the 

second end of the probing nudeobase sequence; 

(v) a donor moiety linked to the first end of one of either of the first arm segment or 
the probing nudeobase sequence; 

(vi) . an acceptor moiety linked to the first end of the other of either of ftie first arm 

segment or the probing nudeobase sequence; and 

b. detecting, identifying or quantitating the hybridization of the polymer to the target 
sequence, under suitable hybridization conditions, wherein the preseice, absence or amount 
of target sequence present in the sample can be correlated with a change in detectable 
signal associated with at least one donor or acceptor moiety of the polymer. 

38. The method of claim 37, wherein the method is used to detect target sequence in a dosed tube 
(homogeneous) assay. 

39. The method of claim 38, wherein the method is used to detect a nudeic add comprising a target 
sequence wherein said nudeic add has been synthesized or an^Ufied in a reaction occurring in 
the dosed tube (homogeneous) assay. 

40. The method of claim 37, wherein the method is used to detect a target sequence in a Uvitig cell 
or tissue. 

41. The method of daim 37, wherein fl»e sample is contacted with txae or more blocking probes to 
therdjy suppress the binding of &e polymer to a non-target sequence. 

42. The method of daim 37, wherein the method is used to detect, identify, or quantitale the 
presence or amount of an organism or virus in the sample. 

43. The method of claim 37, wherein the method is used to detect, identify, or quaiititate the 
presence or amount of one or more spedes of an organism in the sample. 

44. The method of daun 37, wherein ttie me&od is used to determine the effect of antimicrobM 
agents on the growth of one or more microorganisms in the sample. 

45. Ihe method of daim 37, wherein the method is used to determine the presence or amount of a 
taxonomic group of organisms in the sample. 

46. The method of claim 37, wherein the method is used to diagnose a condition of medical interest 

47. The method of daim 37, wherein the target sequence is immobilized to a sxirface. 

48. The method of daim 37, wherein the polymer is immobilized to a surface. 
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L9. The method of claim 48, wherein the polymer is one of many polymers which are immobilized 

on an array to which the sample is contacted. 
>0. A method for ttie detection, identificatian or quantitation of a target sequence in a sample, said 

method comprising the steps of; 

a . contacting the sample with a polymer comprising: 

(i) . a probing nudeobase sequence having a first and second end wherein nudeobase 

sequence is complementary or substantially compl^entary to the target sequence; 

(ii) . a first arm segment comprising a first and second end; 

(iii) . a second arm segment comprising a first and second end, wherein, at least a portion 
■ of the nudeobases of the second arm segment are complementary to flie nudeobase 

sequence of the first arm segment; 

(iv) , a first flexible linkage which links ttxe second end of the first arm segment to 

dfher of the first or second end of the probing nudeobase sequence; 

(v) . a second linkage which links the second end of ttie second arm segment to tiie other 

of eittier of the first or second end of the probing nudeobase sequence; 

(vi) . a donor moiety linked to the first end of one of either of the first or second arm. 

segments; and 

(vii) . an acceptor moiety linked to the first end of the other of either of die first or the 

second arm segments; and 
b. detecting, identifying or quantitating the hybridization of the polymer to the target 

sequence, under suitable hybridizadon conditions, wherein the preser»ce, absence or amount 
of target sequence present in the sample can be corrdated with a change in detectable 
signal associated with at least one donor or acceptor moiety of the polymer. 

51. The method of claim 50, wherein the second linkage is a single bond. 

52. The method of daim 50, wherein the second liiUcage is a second flexible linkage. 

53. The method of claim 50, wherein the method is used to detect tai;get sequence in a dosed tube 
(homogeneous) assay. 

54. The method of daim 53, wherein flie method is used to detect a nudeic add comprising a target 
sequence wherein said nuddc add has been synthesdzed or amplified in a reaction occurring in 
the dosed tube C^omogeneous) assay. 

55. The method of daim 50, wherein the method is i«ed to detect a target seqtience in a living cell 
or tissue. 

56. The method of daim 50, wherein the sample is contacted with one or miore blocking probes to 
thereby suppress the binding of the polymer to a non-target sequence. 

57. The method of daim 50, wherein the method is used to detect, identify, or quantitate the 
presence or amount of an organism or virus in the sample. 

58. The mefliod of claim 50, wherein the method is used to detect, identify, or quantitate the 
presence or amount of one or more spedes of an organism in the sample. 

59. The method of daim 50, wherein the method is used to determine the effect of antimicrobial 
agents on the growth of one or more microorganisms in the san^le. 
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The mefliod of claim 50, wheiein the mclhod is used to determine the presence or amotmt of a 
taxcmcnnic group of oiganisms in the sample. 

The method of claim 50, wherein the method is used to diagnose a condition of medical interest 

The method of claim 50, wherein the target sequence is immobilized to a support. 

The method of claim 50, wherein the polymer is immobilized to a support. 

The method of daim 64, wherein the polymer is one of many polymers which are immobilized 

on an array to which the sample of interest is contacted. 

An array comprising at least two suppoitbound polymers suitable for detecting, identifying or 
quantifating a target sequence, wherein each polymer comprises; 

a. a first arm isegment of PNAsubunits having a first and second end; 

b. a probing nudeobase sequence of PNA stAiunits haviitg a first and secotul end wherein 
the probing nucleobase sequence is complementary or substantially complementary to 
flie target sequence; 

c. a second aim segment of PNA subunits which is embedded witWn the probing 
nudeobase sequence and is cconplementary or substantially complementary to the first 

arm segment; 

d. a flexible linkage which links the second end of the first arm segment to the second end 
of the probing nudeobase sequence; 

e. a donor moiety linked to the first end of one of either of the first arm segment or the 
probing nudeobase sequence; and 

f . an acceptor moiety linked to ttie first end of the other of either of the first arm segment 
or the probing nudeobase sequence. 

An array comprising at least two support bomid polymers suitable for detecting, identifying or 
quantitating a target sequence, each polymer comprising; 

a . a probing nudeobase sequence having a first and second end, wherein the probing 
nudeobase sequence is complementary or substantially complementary to the target 
sequence; 

b. a first aim segment comprising a first and second end; 

c. a second arm segment comprising a first ar\d second end, wheieiiv at least a portion of 
the nucleobases of the second arm segment are complementary to the nucleobase 
sequence of the first arm segment; 

d. a first flexible linkage which links the second end of the first arm segment to either of 
the first or second end of ti\e probing nucleobase sequence; 

e. a second linkage which links the second end of the second arm segment to the other of 
either of the first or second end of the probing nttdeobase sequience; 

f . a donor moiety linked to the first end of one of eidter of the first or second arm 
segments; and 

g. an acceptor moiety linked to the first end of flte other of eittier of the first or the second 
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7. A Idt suitable for performing an assay which detects the presence, absence or amount of target 
sequence in a sample, wherein said kit cwnprises: 
a . at least one polymer having: 

(i) . a probii\gnudeobase sequence; 

(ii) . a first arm segment and a second arm segment, wherein at least one of the first or 

second arm segments is linlsed to fine probing nudeobase sequence ftuoug^ a 
flexible linkage; 

(iii) . at least one linked donor irfoiety and at least one linked acceptor moiety, wherein 

said donor and acceptor moieties are Imked to the polymer at positions which are 
at opposite ends of the probing nudeobase sequaice. 
b- other reagents or compositions necessary to perform the assay. 
)8. The kit of claim 67, wherein the kit is used to detect organisms in food, beverages, water, 

pharmaceutical products, personal care products, dairy products or enviconinenUd samples. 
j9. The kit of daim 67, wherein the kit is used to examine clinical samples sud» as diiucal 
specimens or equipment, fixtures and products used to treat htunaits or animals. 



wo 99/22018 



PCTArS98/22785 



1/18 



Figure A 



CX>NFIGURA.TIC»I 




0© 



F = Flexible Linkage 

1 & 2 are independanlly 
either a quencher or 
fluorophore provided at 
least one is a fluorophore 
and the other is a quencher 



CONFIGXJHATION III 



Probing 
Segment 



Arm _ 
Segment 



U L2 



(b 



_ Arm 
Segment 



LI & L2 = "Linkage" 
provided that at least one of 
L1 and L2 Is a llexibie 
linkage 



SUBSTrrUTE SHEET (ROLE 26) 



wo 99/22018 



PCTAJS9W2278S 



2/18 




SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



PCT/US98/227S5 



3/18 




SUBSTITUTE SHEET (RULE 26) 



wo 99/2201S 



PCT/US98/22785 



4/18 



H- 
2: 
O 

hr 
< 
N 

9 

CQ 
>- 
X 




(luu s'VZS "UJ3 itu" C6t'"X3) sjiup iqBn SAHBlsy 



SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



lCT/US9«a2785 



5/18 




SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



PCT/US98/227a5 




SUBSTITUTE SHEET (RULE 26) 



wo 99/2201S 



PCT/US9&22785 



7/18 




cc :s 

n I 



o 
o 




00>COh>-tDlO'<4-COCVl-»-o 
T— OOOOOOOOOO 

BVSQ pazfieuijoN 



SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



PCT/US98/22785 




SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



PCT/US98/22785 



9/18 




B)ea paziieuMON 



SUBSTITUTE SHEET (RULE 26) 



wo 99/22018 



PCT/US98a2785 



10/18 

Figure 7A 
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